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PBEFACE. 



This book is intended to give beginners an insight into 
the simple theory and practice of Navigation* It has 
been the chief aim of the writer to make the subject as 
easy, practical, and perspicuous as possible, by omitting 
whatever is dry in theory, if not absolutely requisite, or 
likely to puzzle and confuse. 

The author has keenly felt that a work of this kind 
was greatly wanted, and it has been his endeavour to 
supplement the design of the Publishers, in seeking to 
occupy a foremost place in supplying, in the best manner 
possible, the want so widely felt, so as to bring the 
Scries of Text-Books, of which this volume forms one, 
within easy reach of every Student of Science in the 
Kingdom. 

H.E. 

January, 187$. 
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NAVIGATION. 



DEFINITIONS. 

The science of conducting or taking a ship from one port 
to another is termed Navigation. 

It consists of two parts : (1) Theoretical^ f)V the science 
by which it is discovered in what track the ship must steer 
to arrive at any given place on the earth's surface ; (2) 
Mechanical or Practical, or the art of working, managing, 
or sailing a ship, so that it shall move in any given 
direction. It is the theoretical part only of navigation 
that will engage our attention in these pages. 

Persons practising the science of navigation are called 
mariners or seamen. Mariners depend upon the directive 
force of the magnetism of the earth acting upon their 
compasses, to show them their way over the sea. 

1. Compass. — A bar of hardened iron or steel, in the 
form of a long flat prism, or lozenge-shaped, has imparted 
to it magnetism, by the proper methods. When magnet- 
ised, and its centre pierced by a hole, into which is in- 
serted a small agate, with a conical hole in it to receive 
the point of a small steel pin, it is suspended on this 
fine point, so as to be capable of free motion with the 
least possible amoimt of friction. The bar, after magnet- 
isation, is found to possess the property of coming to 
rest only in one particular position, called the magnetic 
meridian, and thus always shows pretty nearly the north 
and south points of the horizon. The bar, called the 
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Needle, holds dii'ective force of the mai'lncr'a compass ; to 
it is attachecl the card on which is marked the rhnmbsi 
OF poiiita of the compaaa. 

2. The Card is circular; ita circumference is divided into 
360 degreea and ^2 points, to represent every different 
point of the horizon Firat, it is divided into four 




quadrants, by two diameters crossing each other at right 
angles; the ends of these two diameters represent the 
four cardinal points, N., S., E., and W. Each quadrant 
is divided into eight equaJ parts, making 32 divisions of 
tie whole circle, which are called the points of the 
compass, or rhumbs ; each point is frequently subdivided 
into half and quarter points. The point in the middle, 
between any two of the cardinal points, is expressed 
by the letters denoting these points : thus wo have, 
going round from left to right, N.E., S.E., S.W., and 
N-W. The rhumbs half-way between these are named 
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according to their situation with respect to these middle 
rhumbs and nearest points ; viz., going round the samo 
vray, N.N.E., E.KE., E.S.E., S.S.E., S.S.W., W.S.W., 
W.N.W., and N.N.W. ' 

Half-way between these several points, the points are 
indicated by the word by; the two nearest to N., on each 
side respectively, are named N. by E., and N. by W.; so 
those near E. are called E. by N., and E. by S. It will 
greatly assist the memory to be told that the first letter 
always indicates the precise point from which we must 
reckon. 

N. by E. means one point from N. towards E 
E. byK „ „ „ E. „ N. 

S.E. by S. „ „ „ S.E. „ S. 

or 3 points from S. 
etc. etc. etc. 

The mariner reckons all the directions in which his 
vessel sails, from the N. or S., and in points : for instance, 

N.N.E. he calls 2 points right of N., not 6 points from the E. 
S.W.byS. „ 3 „ „ S. „ 5 „ W. 

W.N.W. „ 6 „ left of N. . „ 2 „ W. 

It is essential that no mistake shall ever be made as 
regards right and left. Let the learner imagine himself 
standing in the centre of the compass, with his face to- 
wards the N., the E. is on his right hand, and W. on his 
left, so that a north-easterly course is always right of 
north, and north-westerly left of north; now face towards 
the S., when E. is on the left, and W. on the right ; a 
south-easterly course being always left of south, and 
south-westerly right of south. 

Every circle being divided into 360°, and there being 
32 points to the compass, the angle contained between 
any two of them adjacent will be the ^\- part of 360° = 
^^^ = 11° 15^ So, therefore, the angle contained between 
the N. by W. rhumb and the meridian is 11° 15', be- 
tween the N.N.W. rhumb and the m'ensii^si^^i^ '^^ « 
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One-quarter of 


a point will be 2° 48' 45". 


One-half 




5° 37' 30". 


Three-quarters 




8° 26' 15". 


One point 




, ir 15' 0". 


Two points 




, 22° 30' 0". 


Three points 




, 33M5' 0". 


Four points 




, 45° 0' 0". 


Five points 




, 56° 15' 0". 


Six points 




, 67° 30' 0". 


Seven points 




, 78° 45' 0". 


Eight points 




, 90° 0' 0". 



3. Course. — If a ship sail N. by W., the course is one 
point left of N. j if S.E., it is four points left of S. ; if 
S.E. ^ S., it is three and a half left of S. ; and if E. by S., 
the coiu^e is not nine points from N., nor one point 
from E., but seven points left of S. It should be mentioned, 
in order that the steersman may make as little mis- 
take as possible regarding the direction in which he is 
ordered to steer, that inside the box in which the compass 
is placed, there is a vertical black line in the direction of 
the bow of the ship, called the Lubber-line; it is the duty 
of the helmsman to keep the point of the card, which in- 
dicates the compass course, always in contact or close to 
the lubber-line. If he is ordered to steer the ship S.E., 
he must move the helm so that at last the ship's head 
will come in that direction, or he moves his tiller, watch- 
ing the compass until the lubber-line is close to S.E. in 
the compass box. 

The card and needle are placed in a box covered with 
a glass face, and hung in a brass hoop upon two round 
pins, this hoop is hung within another brass circle, upon 
two brass pins diametrically opposite to the others, at 
a quadrant distant from each other, so that the card — 
however much the ship may pitch, roll, or heel over 
— always remains horizontal; in other words, the 
compass is swung on gimbals. It is placed within the 
hmmwle. 

4. Variation or Declination. — ^The needle seldom or 
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never points due N. " The geographical meridian of a 
place is the imaginary plane passing through this place 
and the two terrestrial poles. Similarly, the magnetic 
meridian of a place is the vertical plane passing at this 
place through the two poles of a movable magnetic 
needle. The angle which the magnetic meridian makes 
with the geographical is called the variation of the 
magnetic needle," or variation is the angle which 
the magnetic needle makes with the geographical 
meridian. 

6. Deviation. — ^The iron in the build of a ship, the 
attraction of iron-stone deposits on land, the cargo in a 
ship's hold, the tanks, the direction of the ship's head while 
building, etc., affect the compass. The error caused by 
these .'elements is termed Deviation or Local Attraction; 
sometimes a distinction is made between deviation and 
local attraction thus : whatever error of the compass arises 
from objects within the ship is termed deviatio7iy whatever 
is caused by objects exterior to it, local attraction. 
Closely connected with the local attraction and deviation, 
we have what is known as perrnanent and sub-permanent 
magnetism. The direction of a ship's head during the 
time she is building, and the hammering to which she 
is subjected, frequently cause a ship to acquire a large 
amount of induced magnetism ; and this once hammered 
in cannot by any change of position, or grating on rocks, 
or knocking about by waves, be entirely eradicated. 
That portion of this induced magnetism which no subse- 
quent mechanical violence destroys, is called the permanent 
magnetism of the ship, while that portion which can 
be or is removed, by grating against piers, by seas, etc., 
is the aub-permanent magnetism. Thus we see that a 
new ship, after and on leaving port, is liable to have its 
magnetism considerably altered by the waves of the 
sea, etc. 

6. Inclination or Dip. — ^A magnetic ;ieedle balanced 
on its centre of gravity does not remain horizontal, 
its north point in the nortlieru hemisphere^ 9n4 i^ 
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south point in the southern hemisphere, dipping con- 
siderably; this is what is meant by dip or inclination 
of the needle. The dip is subject to slight variations, 
and at the present time in England it is about 68°. At 
the magnetic equator, which does not coincide with the 
terrestrial equator, but is inclined at about an angle of 
12** to it, the dip is nil, or the needle will lie horizontally. 
As we go from the equator towards the poles the dip 
increases regularly, so that at the magnetic poles the 
dipping needle is vertical. The magnetic poles lie, one 
in Boothia in 70° U' N. latitude and 96° 40' W. longitude, 
the other to the south of Australia. But it should be 
noticed that there appears to be a pole in Siberia at 
102° E. longitude and 60° N. latitude. 

In London the variation of the compass is 20° 2' W.; 
this means that the N. point of the needle is drawn 
20° 2' towards the W., so that the N.N.E. point of the 
compass points out very nearly the true N. point of the 
horizon. With such a compass, if we took the bearing 
of the Pole-star at night, by compass it would seem 
to be about N.N.E., i.e., the N, point of the compass 
ought to be where the N.N.E. is; instead of that it ia 
two points to the left of the N., therefore the compass 
has what is called two points westerly variation, for it is 
drawn out of its place two points towards the west by 
the induced magnetism of the earth. 

In the Admiralty standard compass, four fixed parallel 
needles are employed as the active agent in the compass. 
It has been found that by using two needles parallel to 
each other, and intersecting the circumference of the card 
at the distance of 30° on either side of the N. and S. 
line, that the important source of error caused by semi- 
circular and quadrantal deviation -may be obviated. The 
deviation of the compass is enormously increased in 
vessels built of iron, especially in armour-plated vessels. 
The error is greatest when the ship's head is about due 
E. or W., and least when the keel lies on a line coinciding 
with the magnetic meridian. The*^rrors of a compass 
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are always largely increased when the ship heels over by 
the action of the wind or waves. As well as the deviation 
depending on the materials of which a ship is built, it 
also depends upon the dii*ection in which the ship's head 
lies while building. A bar of soffc iron may be magnetized 
by induction from the earth by suspending it in the 
direction of the magnetic meridian; and, also, a large 
amount of magnetisin may be hammered into an iron 
bar, which requires an equal amount of hammering to 
reverse. A ship is precisely in the same condition as the 
iron bar; if built with her head N. and S. she will 
receive a large amount of induced magnetism from the 
hammering to which she is subjected and from the earth. 
The harder the iron is, the less the change of position or 
hanamering will aflfect it after being once magnetized. 
Hence the origin of permanent and svh-permanent mag- 
netism as alluded to above. Some have come to the con- 
clusion that the permanent and sub-permanent magnetism 
of a ship are the source of nearly every error in the 
compass. Deck beams, engine shafts, iron pillars, etc., 
in the vessel, are all disturbing causes, producing what 
has been termed — 

(1) Vertical Induction, which is semicircular in its 
action. 

(2) Horizontal Induction, which is quadrantal in its 
action. 

7. Semicircular Deviation is caused by vertical 
induction. Vertical masses of iron on board ship, such 
as iron pillars to support the decks, become magnetized 
by induction from the earth; in our hemisphere, the upper 
end becomes a south pole and the lower end a north pole. 
As long as the vessel is on the magnetic meridiap this 
does not affect the compass needle, but in any other 
position of the ship the needle will be drawn out of its 
position, and the greatest effect will be when the ship's 
head is E. or W. Hence, as a ship turns round through 
every point of the horizon this vertical induction 
disappears twice when the head is K. and S.« 
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and it is twice at a maximum when the ship's head 
is E. and W., therefore it has been called semidrculcMr 
deviation. 

8. Quadrantal Deviation is caused by the horizontal 

masses of iron in a ship, such as deck beams, engine 
shafts, etc., receiving induced magnetism from the earth. 
It is the effect due to horizontal induction. The effect of 
this is not manifested when the ship is in the direction of 
the magnetic meridian, nor when her head is due E. or 
W., but in positions lying between the cardinal points 
the disturbing influence is at a maximum. Hence, as in 
four positions the horizontal induction exerts a maximum 
influence, and at four a minimum influence upon the 
compass needle, it is named quadrantal demotion. 

In certain places on the earth the compass has no 
variation. All such places are connected by imaginary 
curved lines, called the lines of no variation. These lines 
are not stationary. Such a line is sometimes termed an 
a^gone ; there are two or ' three agones, the America/n, 
running through Rio Janeiro, Para, by Barbadoes and 
Guadaloupe to C. Hatteras, across the lakes of Erie and 
Huron to Hudson's Bay and the magnetic pole in Boothia ; 
and the Asiatic, starting from Luzon in the Philippine 
Isles, passing near Amoy, through Lake Baikal, running 
N., crossing the Lena about 300 miles from its mouth, then 
coming down the Sea of Okhotsk, thi'ough the Kurile 
Isle back to Luzon. A third passes through Western 
Australia, turns S. at Java, curves by India, up the 
Arabian Sea, through Beloochistan, crosses the Caspian 
Sea, runs near Moscow, and through the White Sea and 
Lapland. 

9. The Effect of Compasses near each other. — ^When 

two compasses are placed in the same binnacle one above 
the other, or when two binnacles are near each other, the 
compasses will mutually attract and repel each other, and 
the courses indicated by such compasses will be erroneous 
on all courses except due north, south, east, and west. 
, On all other courses error will exist, and yet if the twQ 
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compasses are of the same power they will be found to 
agree. Place two compasses on a table near each other, 
and slowly turn the table round, this influence will then 
be readily seen. They will agree, as is intimated above, 
on the north, south, east, and west points; but on all 
other points they will give the bearing of a distant object 
different to what it is with either compass separated from 
the influence of the other. 

10. Azimuth Compass. — ^We deem it right to give a 
short description of the azimuth compass, although it is 
an instrument employed chiefly in nautical astronomy. 
Azimuth compasses are employed to measure the angular 
distance of the sun or other celestial body from the south 
in north latitude, or from the north in south latitude ; and 
also to measure its distance from the east when rising, or 
the west when setting. It is in reality an instrument for 
measuring horizontal angles, hence a prismatic compass 
is an azimuth compass. It resembles an ordinary compass 
as to its needle and the manner in which the needle is 
balanced ; the card has two circles divided into degrees, 
one circle commencing its graduation from the north and 
south to measure azimuths proper, the other from the 
east to west to measure the amplitudes. 

Affixed to the compass are two sight vanes — one the 
sight vane proper, having a fine thread stretched along 
its opening, by this thread the object observed must be 
bisected ; the other has in it a sHt through which the 
observer looks at the object. One is exactly opposite the 
other. The sight vanes are mounted with hmge joints 
so that they can be turned down flat out of the way when 
not in use. A mirror is attached to the instrument im- 
mediately behind the sight vane proper, in which the 
celestial object is reflected. Let us suppose we are going 
to take the bearing of the sun from the south in a morn- 
ing or in the afternoon. The sight vanes are turned up 
so as to stand vertically, and the instrument is placed in 
a horizontal position; the observer then looks through 
the slit exactly opposite the thread stretched down the 
20 E B 
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sight vane proper, or else through a prism, and then 
turns the instrument round until the sun is observed 
reflected in the mirror, and the thread exactly bisects the 
sun; he then touches a spring to steady the card and reads 
oflf the division upon the card, which appears to coincide 
with the prolongation of the thread ; this is the magnetic 
azimuth of the sun, or its bearing from the south. Nauti- 
cal astronomy teaches us to calculate the true azimuth, 
when, by comparing the true and magnetic azimuth, we 
can determine the variation of the compass. 

11. Swinging a Ship. — In every position of the earth 
the compass has a certain . variation. Charts are con- 
structed, called variation charts, with lines drawn through 
.all places that have the same variation, so that by 
examining one of these charts the mariner knows at a 
glance the error of his compass for the position of his 
ship in every part of the world. It will be understood 
that the deviation affecting the needle, also the actual 
error oif the compass, will differ from the variation chart 
so that if we know the whole error of the compass, which 
is readUy aflcertained by aatronomical observations, the 
difference between that and the chart is the deviation. 
The whole error of the compass can be ascertained by 
several simple methods. The following is one of these : — 
At mid-day or apparent noon, the sun is exactly in the S. 
in north latitude and in the N. in south latitude, so that 
if a straight edge or long parallel ruler be laid across the 
centre of the compass, and pointed exactly at the sun, 
and then the angle that the needle makes with this ruler 
be noticed, we dbiall have the whole amoimt of error ; if 
in the north latitude the needle point to the left of the 
sun, the error is easterly, if right of the sun the error 
is westerly ; so, therefore, if we want to find the true 
north on the compass card, westerly variation must be 
allowed to the right and easterly to the left; i.e., if we 
want the true north, and the compass points two points 
left of north, we must bring it back to the right two 
polntS; and vice versa. Knowing the total error of the 
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compass, it will be seen, then, that it is quite possible 
to separate variation from deviation ; and it will now be 
easily believed and understood that the deviation is dif- 
ferent, considering semicircular and quadrantal deviation, 
for every point of the compass. The actual error for each 
point of the compass is ascertained by several methods 
called swinging the ship. The simplest method, though 
not perhaps always the most accurate, is the following : — 
Two compasses are employed : the standard compass on 
board the ship, and one on shore. The ship is swung 
round to each of the 32 points of the compass; as it 
swings round to each point the bearing of the compass on 
shore is observed from the ship, and at the same instant 
(by preconcerted signals) the bearing of the ship's com- 
pass is observed from the land. The observations on 
shore are first reversed, to bring them into the same 
direction as those taken from the ship, and compared with 
the latter ; the difference between the two is the error of 
the ship* 8 compsBa. This is sometimes spoken of sa the 
method of reciprocal bearings. Let tis take a practical 
illustration. ''The standard compass on board makes 
S.W. JW., and that on shore N.E. by E. JE, what is the 
deviation V* Inverting the latter we have to compare the 

two, 

Observed, True, 

S.W.JW., I S.W. byW.JW., 

and see what the amount of deviation is, and whether it 
be E. or W. 

S.W.JW. (ship) is 4 J points right of south ; S.W. by 
W. JW. (shore) is 5 J points right of south. The differ- 
ence shows one point deviation^ and as the shore or true 
observation is to the right of the ship's, the deviation is 
easterly. Had the shore or true observation been to the 
left of the ship's, the deviation would have been westerly. 
Every point is treated in precisely the same way, and a 
table of points is written out, and the amount of deviation 
tabulated opposite every point, as seen in the table 
aimexed. 
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DEVIATION TABLE. 



N. 2' 20' E. 
N.byE. 3° 40' 
N.N.E. 5' 40' 
N.E.byN.6''60' 
N.E. 8" 0' 
N.E.byE.8' 10' 
E.N.K 7' 20' 
E. by N. r 35' 



E. O'* 40' E. 
E.byS. 6° 40' 
E.S.E. 4** 40' 
S.E.byE.3°40' 
S.E. 2** 0' 

S.KbyS. 1" 0' 
S.S.E. 0°30'W. 
S.byE. 1** 30' 



S. 2" 45' W. 
S.byW. 3° 50' 
S.S.W. 5° 20' 
S.W.byS.e** 0' 
S.W. 6** 30' 

S. W.by W. 7^30' 
W.S. W. r 40' 
W.byS. 8** 10' 



W. 8"0'W. 

W.byN. 7** 40' 
W.N.W. 6*^40' 
N.W.byW.5'^40' 
N.W. 4° 30' 
N. W.byN. 3n0' 
N.N.W. r 60' 
N.byW.0''40'E. 



The first colmnn shows the direction of the ship's head, 
the second the deviation. 

To find the deviation from two reciprocal bearings, first 
ascertain their difierence, then draw two lines at right 
angles to each other, and let the ends represent the four 
points of the compass ; then draw lines to the points of 
the compass to represent the two bearings, and imagine 
yourself to be placed in the centre of the compass; then if 
the shore observation is to the right of that taken from 
the ship the deviation is easterly, while if it be to the 
left, it ia westerly. 

12. Leeway. — ^When a ship's head is pointed in any 
particular direction, on account of the action of the wind 
upon the side of the ship and upon the sails, it does not 
move exactly in that direction, but is driven a little out 
of its course. The amount that the ship is drawn from 
its compass course is called Leeway. A more exact 
definition would be this : — Leeway is the angle between 
the course and the direction in which the ship is actually 
moving ; or, leeway is the angle which the rhimib line on, 
which the sliip really sails makes with the rhumb line on 
which she endeavours to sail. When the vessel is close 
hauled the pressure of the wind and the surge of the sea 
cause her to fall oflf sideways to leewa/rd; hence it is 
called leeway. The amount of leeway depends upon the 
lines and trim of the ship, the depth of water drawn, the 
sails used^ whether the ship be as near the wind as she 
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■will lie, etc. It is evident that if the wind be right 
behind the ship she will make but little leeway, and as 
the wind moves more to the side of the vessel the leeway 
must increase. The old fashioned custom was to allow 
leeway in proportion to the sails 
used. In correcting a course, leeway 
is always allowed from, the wind. 
Notice particularly in which direc 
tion the wind would drive the 
ship, and allow the leeway accord- 
ingly. Imagine the ship to be at A, 
sailing in the direction A B, and the 
wind comes from S.E.; let us suppose 
that in one hour the ship would go 
from A to B if not influenced by 
leeway, whilst if left alone to the influence of the wind 
it would be driven from A to C in an hour. By the first 
principles of mechanics it will be found neither at C nor 
B at the end of the hour, when both influences are acting 
together, but at D, the vessel having been driven along 
A D, the diagonal of the completed parallelogram. Hence, 
as was said before, leeway must be allowed from the wind. 
If the wind is on the right hand side of the ship, or 
starboard, the leeway must be called Uft \ while if it be 
on the port or left hand side it must be reckoned as right. 

When the wind is exactly behind the ship it is said to 
be abaft ; hence the expression, " the wind being abaft." 
When the wind is perpendicular to the side of the ship it 
is said to be on the beam; when between these two 
positions it is said to be so many degrees abaft the 
beam. 

We will now give a few definitions, and then return to 
the subject of the compass again. 

The shape of the earth is that of a sphere or globe 
slightly flattened at the top and bottom. 

Latitude is the distance of a place N. or S. from the 
equator. 

Axis of the eartL — ^The axis of the earth is the ima- 
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ginary line upon which the earth is supposed to turn 
once in twenty-four *hours. 

Poles. — ^The ends of the axis are called the N. and S. 
poles. 

Equator is an imaginary line, in fact a great circle, 
drawn round the earth at equal distance from the two 
poles. 

Equinoctial is the great circle of the sky corresponding 
to the extension of the equator of the earth. 

The teacher must carefully point out the error sailors 
make in calling the equator, as they frequently do, the 
equinoctial, or equinoctial line. 

Diameter of the earth is a line drawn through the 
centre of the earth to each side of a great circle. We 
have the equatorial diameter and the polar, the latter 
being 26 miles shorter than the former. 

Through all places, at the same distance from the 
equator, lines are drawn round the earth, these are termed 
parallels of latitude. 

The Latitude from is the latitude of the place /rom 
which the ship sails. 

The Latitude in is the latitude of the place at which 
the ship has arrived. 

Difference of Latitude is the difiference between the 
" latitude from " and " latitude in." 

Middle Latitude is the latitude of the place midway 
between the " latitude from " and " latitude in." 

Meridional difference of Latitude. — See the chapter 
on Mercator's sailing. 

Longitude is the distance of a place E. or W, of 
Greenwich. A great circle passing through Greenwich 
and the N. and S. poles of the earth, dividing the earth 
into two hemispheres, passes through all places that have 
the same longitude as Greenwich. This is called the 
meridian of Greenwich, and for all astronomical calcula- 
tions made in England, charts, maps, etc., it is the first 
meridian. All other great circles passing through the 
poles of the earth are termed meridians. 
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Lon^tude from is the longitude of the place from 
which the ship sailed. 

Longitude in is the longitude of the place at which the 
ship has arrived. 

DiflTerence of Longitude is the difference between the 
" longitude from " and " longitude in." 

The use of latitude and longitude is to determine the 
precise position of a place on the earth's surface. The 
equator and first meridian are two imaginary fixed lines 
in position. It is well understood that if we know 
the situation of a point in regard to two fixed lines, 
its exact position is determined. Let the student 
take a piece of paper and draw on it two lines at right 
angles to each other, and then fix upon determinate 
distances from each line, above, below, right or left, and 
he will immediately perceive the truth of the above 
statement. 

Starboard is the right hand side of the ship, looking 
towards the direction in which she is moving. 

Port (or larboard) is the left hand side of the ship, 
looking in the same direction. 

Starboard Tack. — A. ship is said to be on her 
starboard tsuck when sailing with the wind blowing 
on the right hand side of the ship, and on her Port 
Tack when sailing with the wind on the left hand side 
of the ship. 

Course is the angle which a ship's track makes with 
the meridian. 

Distance is the distance in nautical miles that a ship 
runs in any direction. 

Departure is the perpendicular distance between the 
meridian left and the meridian arrived at. This, with 
difference of latitude, was defined on the preceding page. 
Let a ship be supposed to sail from O to P : then O P 
is the distance, A. O is the difference of latitude, A P is 
the departure, and A O P is the course. 

Kemember distinctly that P OWis not the course, but 
A OP. 
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Again, to illustrate these points once more, let a ship 
be supposed to sail from O to D : then O D is the distance. 
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osr 



B 





E 



O B is the difference of latitude, D B is the departure, 
and D O B is the compass courses. 



CORRECTION OF COURSES. 

We now come to one of the most important parts of 
our subject — ^the correction of compass courses. 

Rules : 

Put down yowr cowrse, caUing it so mcmy points or 
degrees, right or left of N, or S, 

AUow easterly vernation to the right, westerly to the left. 

Allow the leeway from the wind. 

Treat deviation precisely the same as variation, 

A. A vessel steers by her compass E.S.E., the 
variation and deviation amount to 2f points E., the wind 
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is N. E, causing f of a point leeway, find the true 
course. 

Compass Course E.S.E. is 6 points, or 67" 30' 0" L of S. 
Variation and Deviation, 2^ points, or 30*" 56' 45" r. 

36** 33' 15" L 
Leeway, f point, or 8** 26' 15" r. 

True Course, 28° T 0"1. 

orS. 28' 7' 0"E. 

B. The compass course is S.W. by W., the variation 
If poiats E., deviation 14° E., and the wind in the 
N.N.W., causing 1 J points leeway, find the true course. 

Compass Course S.W. by W. is 6 pts, or 66" 15' 0" r. of S. 

Variation is If „ 19" 41' 15" r. 

75° 56' 15" r. 
Iteviation, 14° 0' O^r. 

89" 56' 15" p. 
Leeway, li pts., or 14° 3' 45" L 

True Course, 75° 52' 30" r. of S. 

or S. 76° 62' 30" W. 

C. A ship sails N.N.E., the variation is 2 J points W., 
the deviation 16° 8' E., and wind is N.W., required the 
true course when the leeway is 2 points. 

Compass Course N.N.E. is 2 pts., or 22° 30' 0" r. of N. 
Variation is 2J pts., or 25° 18' 45" 1. 

2° 48' 45" 1. 
Deviation 16° 8' 0"r. 

13° 19' 15" r. 
. Leeway, 2 pts., 22° 30' 0" r. 

True Course, 35° 49' 15" r. of N. 

or N. 35° 49' 15" E. 
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D. The compass course is W. by N., the variation 2 
points E., the deviation 21° W., while the leeway is 2 
points, and the direction of the wind N. by W., find 
the true course. 

W. by N. is 7 pts., or 78" 45' 0" 1. of N. 
Variation is 2 pts...... 22** 30' 0" r. 

56M5' 0"1. 
Deviation, 2r 0' 0"1. 

77^15' O'l. 
Leeway, 2 pts., 22*" 30' 0" 1. 

99** 45' 0" 1. of N. 
ISO** 0' 0" 

True Course, 80M5' 0" r. of S. 

or S. 80° 15' 0" W. 

E. A ship is steering by compass N.W. f-W., the 
variation of the compass is 2 J points W., the wind is 
S.E., leeway J point, deviation 5°f E., find the true 
course. 

N.W. i-W. is 4i pts., or 63** 26' 15" 1. of N. 
Variation is 2i pts., or ... 28° 18' 45" 1. 

8r45' 0"1. 
Deviation, 5° 40' 0"r. 

76° 5' 0"1. 
Leeway, ipt., 2° 48' 45" r. 

True Course, 73° 16' 15" 1. of N. 

or N. 73° 16' 15" W. 

Remarks on the above five coiu^es, and the method by 
which they are done : — 

In example A, the vessel steers E.S.E., which is six 
points left of S. (suppose you stand at O and face the 
S.), the variation and deviation amount to 2| points 
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east, which means that the N. end of the needle haa been 
drawn towards the E., and, therefore, to get the true 




course we must go nearer the S., or really nearer the 
W., or we subtract them. Again, as the wind comes from 
the N.E. in the direction of the arrow (1), it will evidently 
drive the ship more towards the S., or we must subtract 
the leeway to make the angle smaller, which gives us the 
true course in about the direction of dotted line a. 

In example B, the vessel steers S.W. by W. by 
compass, or 5 points to the right of S., the variation is 
If points E., which means that the compass has been 
drawn towards the E., so we must add on the right hand 
to get back again nearer the W. ; the deviation precisely 
the same. The wind being on the starboard side of the 
ship, as shown coming from the N.N.W. in the direction 
incQcated by arrow (2), we must subtract the leeway as 
ship is driven nearer the south. This shows that the 
ship, although sailing S.W. by W. by compass, has been 
really going S. 75° 5 2 J' W., in the direction shown by 
line 6. 

In example C, the vessel is steered N.N.E. by the 
compass, or two points right of N., the variation being 
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2 J points W., the compass is drawn that much towards 
the W., so, therefore, in applying it to a course to the 
right of N., we add it to bring it nearer the N., while 
the deviation, being easterly, is for an opposite reason 
subtracted. The wind coming from the N.W., and being 
on the port side of the ship, drives it to the right, so we 
make the angle greater on the right of north, which gives 
us the true course N. 35° 49' E., marked c in the figure. 

Example D will call for no further remark but this : — 
It wiU be seen that after variation, deviation, and leeway 
are applied that the course is greater than 90°, or we 
have gone through the W. from the N., and have come 
nearer S. than N,, so, therefore, we subtract from 180°, 
which gives us the true course as S. 80° 15' W./rom the 
South, 

Example E. Here we must call attention to the fact 
that in applying the leeway the student must look to the 
direction of the ship's head and the wind, as indicated by 
the compass, or else he may sometimes get confused when 
the wind is nearly abaft the ship, to know whether he 
ought to add or subtract; if he consider only the position 
of the ship when the deviation and leeway have been 
applied, he may fall into error. 
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13. Suppose a sliip to sail by compass S.S.W., the variation 
being 1 point easterly, required the true course. Ana. S. W. by S. 

14. 'Beinct at sea, coming up the English chamiel the pole 
star bore if. 28° W., what was the deviation and variation com- 
bined? ^wr. 28**E. 

15. Suppose in the last question the variation is 22" 30' E., 
what is the deviation ? Ana. 6° 30' E. 

16. Being at sea, the Eddystone light bore N.E. bjr E.J-E. by 
compass, the variation being 1^ points westerly, required its true 
bearmg. Ans. N.E. J-N. 

17. A ship sails E. by S. by her compass, the variation is 
2 points W., the wind S., and the leeway IJ points, find the true 
course. Ans. N.E. by E. J-E. 

18. Find the true course when a ship sails due S. by compass ; 
the wind is N.W.,. giving j-point leeway; variation 1 point E., 
and deviation J-point W. Ans. S. 



TO FIND THE COMPASS COURSE. 

13. When a ship is leaving port, the master examines 
his chart, and shapes his course accordingly; but since the 
compass is seldom or never correct, he has to consider his 
variation and deviation to £nd on what course he must 
sail by his compass. To £nd his compass course he 
reverses the whole of the operations explained in the last 
few pages. He allows ectsterl^ va/riation to the left, westerly 
to the right, and guessing pretty nearly what the leeway 
will be, allows it towa/rds the wind. 

For instance, suppose a man wishes to sail S.W. from 
the Lizard, when he knows his variation is 20° 8' W. and 
deviation 11° 15' E., the wind being N., he allows f of a 
point leeway, let us see what course he must sail by his 
compass: — 

True course, 4 pts. or 45** C " r. of S. 
Variation, 20** 8' 0" r. 

66' 8' 0" r. of S. 
Deviation, ir 15' OM. 

Sa** 63' 0' r. of S. 
Leeway, 8' 26' 15' 

Compass course, 62' 19' 15" r. of S. 

or S. 62' W 15" W. 
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Example 19. A master wishes to make an island 
bearing true N. 40° W., his compass has 25° 14' E., 
variation and deviation 9° 30' W., the wind is in the E., 
and he allows a point and a half leeway, on what compass 
course must he sail ? 

True course, 4Sf 0' 0" 1. of N. 

Variation, 26° 14' 0" 1. of N. 

65° 14' O'l. 
Deviation, 9° 30' 0" r. 

55° 44' 0"1. 
Leeway, 16° 52' 30' 

Compass course,.... 38° 51' 30" 1. of N. 

or N. 38° 51' 30" W. 

We will endeavour to explain the method by which 
the above sum is worked, but again repeat that it is 
nothing but reversing every process in finding the true 
course from the compass course. 

(1) The ship sailing to the left of N. and the variation 
being E., it is added to the course, because the N. end of 
the needle being pulled round to the E., the compass 
card is pulled with it in that direction. Therefore, to get 
the rhimib on which we must sail by the compass, we 
must add it to the true course to make the angle larger, 
the variation has decreased it; the deviation being E., the 
opposite reason applies, so it is subtracted. The leeway 
is also subtracted in this case to find the compass course, 
because it makes the true course really greater than the 
compass course. So we might also have reasoned with 
the -variation, and have said it is added to obtain the 
compass course, because it makes the true course less 
than it really is. 
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EXAMINATION QUESTIONS ON VARIATION, 
DEVIATION, AND DIP. 

1. Explain what is meant by the variation and deviation of 
the compass (1863). 

2. Define the terms "Deviation," "Variation," and "Local 
Attraction." On what does the first of these depend 7 and state 
briefly the laws which it follows (1864). 

3. What is the difference between variation and deviation ? 
How is the latter correction found (1864)? 

4. To what causes are the deviation of the compass in an iron 
ship chiefly due (1865)? 

5. What is meant by sub-permanent ma^etism ? To what 
change is it liable when the snip is at sea ? Why is attention to 
ship's compasses especially necessary during the first days of its 
being at sea ? In what direction is it most desirable to place an 
iron ship while building in northern latitudes (1865)? 

6. Explain accurately the several causes which affect the 
correctness of the compass. Show how they are compensated 
or allowed for (1866). 

7. State accurately the several causes which affect the com- 
passes of a ship arising from what is called locsd attraction (1866). 

8. Why is it necessary to ascertain the effects on a compass of 
local attraction? What name is given to the whole effect, and 
how is it taken into consideration in estunating the ship's course? 

9. Not having ^ table of deviations, I find that, in order to 
enable a ship to sail on a course which I know to be true magnetic 
S. f-W., I am obliged to steer her by standard compass S. by W, 
J-S. : what is the deviation for this direction of the ship's head 
(1867)? Ans, Nil. 

10. Describe the mariner's compass. How is it divided? A 
ship starting on an E.N.E. course^oes round gradually through 
the N. untu she is on a S. by wT course, through how many 
points has she turned ? State also the number of degrees (1869). 

Ans. 21 pomts, or 236° 15'. 

11. Explain, as to a class, the mode of correcting a course for 
variation, with examples (1866). 

12. What is meant by variation of the compass ? To what 
cause is it due (1866) ? 

13. Explain the method of swinging a ship for the purpose of 
making tables of deviation. The standard compass on board 
marks S.W. i-W., and that on shore N.E. by E. J-E., what is 
the deviation (1872) ? Ans. Deviation is 1 point E. 

14. What is meant by the variation of the compass ? Describe 
the course of the lines of no variation. Explaia the terms " Dip 
of the Needle," "Local Deviation," and give the law which 
governs the dip (1861). 

20 b C 
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15. Explain the method of ascertaining the deviation of the 
compass, and give some account of the methods employed for 
correcting it (1861). 

16. Explain accurately what is meant by deviation, variation, 
and local attraction, and show briefly the effects of inductive 
ma^etism on the compasses of iron ships (1863). 

17. What is meant by the corrections of variation, deviation, 
and leeway? and show accurately how they must be applied to 
obtain the true course from the compass course. Illusls^te by a 
figure (1865). 

18. What law does the attraction of one compass on another 
follow as the angle, at which it is inclined to it, changes. How 
does this affect the deviation (1867)? 

19. Describe the means by which tables of deviation are 
obtamed (1868). 

20. Define variation and deviation. Suppose a shore compass 
bears from a ship's compass N. 63° E., but the ship's compass 
bears from the shore compass S. 42° W., what do you conclude 
from this ? What is this method called 1 1870) ? 

Ans. The deviation is 15° W. 

21. What corrections must be applied to the compass course 
to obtain the true course, and with what algebraical sign must 
they be applied? State as fully as you can on what corrections 
depend (1871). 



EXAMINATION QUESTIONS ON THE COMPASS, 
LEEWAY, COURSES, Etc. 

1. A ship is steerii:^ by compass N.W. f-W., the variation of 
the compass is 2 J points W., the wind is S.E., leeway J point, 
deviation 5°§ W. : find the true course. 

Ans. N. 81° 36' 15' W. 

2. Given the true course N. 30° E., the variation of the com- 
pass 2^ points W., and deviation on account of local attraction 
6° 15' E. Construct a figure and find the corrected compass 
course (March 1864)? Ans. N. 51° 52' 30" E. 

3. Show, by a figure, how in correcting a course variation 
should be allowed. The true course is N.W. f-W., variation IJ 
points E., what is the compass course (1865)? 

Ans. N. 70° 8' 45" W. 

4. What is meant by rhumb line. Draw a diagram illustrating 
your definition, and mark on it the course (1867). 

5. How is the course corrected for leeway? A ship is sailing 
on the apparent course, N.E. ^-E., wind N., leeway 2^ points, 
what is the correct course (1867)? Ans, E. by N. 
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6. What is the rule for obtaming the magnetic course from the 
true course ? The course is N. |-W., variation of the compass 
2 points W., what is the magnetic course (1867)? 

Ans. N.byE.J-E. 

7. Describe the azimuth compass. How are the bearings of 
two. objects observed by it (1868)? 

8. A ship is sailing on the apparent course N.W.|-W., what 
is the true course, given variation 1^ points E., deviation 8° 10' 
W., leeway IJ points, the direction of the wind N.byE. (1868)? 

Ans. N. 68** 47' 30" W. 

9. Draw the quarter of the compass between S. and E. ; write 
down the names of the points and also their value in degrees, 
etc., going from S. to E. How many degrees are there between 
N.N.W.i-W. and E.byN. J-N. (1870)? 

Ans, 9J joints, or 104° 3' 46". 

10. How is the direction in which a ship is steered measured T 
By what name is it known (1870)? 

11. How must I steer by compass when m^ true course is 
S.W.byW.£-W», variation 2 J points E., deviation J points W., 
leeway J point, wind S.byE. (1870)? 

Ans. S. 42" 11' 16' W. 

12. Describe the instrument used for determining the course at 
sea. A ship is sailing in the direction N.E.f-E., find the 
number of points and of degrees, etc., between her course and 
the meridian, reckoning fropoi the S. point (1871). 

Ans. llj points or 126** 33' 45". 

13. Correct the courses in the following (1871) : — 



Compass 

COUUSE. 


Vabiation. 


Devia- 
tion. 


Leeway. 


Wind. 


Tbue Coubbx. 


W. by N. 
W.S.VV. 

N. 


2 pts.E. 
11 pts. W. 
lipts.W. 


11* W. 
6*30'W. 
2*40'E. 


2 pts. 
Hpts. 
1 pt. 


N. by W. 
E. by S. 
E. by S. 


N.89*46' 0"W. 
S. 63"48'46"W. 
N.26''27'30"W. 



14. A ship is known to be sailing due S., but the compass 

course steered is S.byW.|-W., the variation of the compass 

is li points W., what is the deviation (1871) ? . ^ 

Ans. i pomt W. 

16. Define rhumb-line. What is the name given to the angle 
which a rhumb-line makes with a meridian? 

16. A ship is sailing N.E.f-E., and the direction of the head 
is changed by 118** through the N., what is the new course of 
the ship ill points to the nearest quarter (1872) ? 

^ ^ Ans. N.W.byW.i-W, 
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17. What are the several corrections to be applied to the 
apparent to obtain the true course ? Correct the following courses 
(1872) :— ' 



Apparent 
Course. 


Variation. 


Devia- 
tion. 


Leeway. 


Wind. 


True CTourse. 


N.W. 
S. Wi-W. 

N. 
S. by E. 


If pts. E. 
2 pts.W. 
11 pts. E. 
lipts.E. 


10** w. 
4°1 W. 

irE. 

S^'E. 


2i pts. 
If pts. 

nS. 

If pts. 


N.N.E. 

o.S.lli. 
S. by E. 
W.S.W. 


N.63^26'15''W. 
S. 43°33'46" W. 
N.25^ 3'46"E. 
S. 11* 3'46"W. 



18. Explain the mode of correcting courses: (1) for leeway; 
(2) for variation; (3) for deviation. The compass course of a 
ship is S.byW.l-W., variation 21 E., wind S.E.1-E., leeway 
21, deviation 5** W. Find the true course (1863). 

Ans. S. 59«» 41' 15* W. 

19. Show how to correct a course for leeway (1864). 



THE DIFFERENCES OF LATITUDE AND 

LONGITUDE. 

1. The latitude of A is 45'' 16' 51" N. ; of B, 20** W 14" N 
Find the difference of latitude. 

Latitude of A is 45'' 15' 51" N. 
B is 20M0' 14" N. 



>> 



Difference of Utitude is 25*" 5' 37" A north of E 

2. The latitude of a place A is 20° 14' 11" N. ; of another, B, it 
is 19** 14' 16" S. Find how far apart these two parallels are : — 
Latitude of A is 20** 14' 11" N. 
B is 19" 14' 16" S. 



>> 



Difference of latitude is 39° 28' 27" B is south of A. 

These are the only two cases that can occur in finding 
the difference of latitude. When the two places have the 
Bo/nie rumie, both north or both south, subtract to Jind 
the difference of latitude; but when one is rvorth cmd 
the other south, add to Jind their difference of latitude. 

The teacher must illustrate these points bv drawing 
three lines on the board, one for the equator and two 
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for the parallels of latitude, when it is seen in a moment 
whether to add or subtract to find the difference of 
latitude or the distance apart of the two places. 

There are three different cases in finding the difference 
of longitude: (1) when both are east or west; (2) when 
one is east or west; (3) when the sum in the second case 
is greater than 180°. 

3. Find the difference of longitude between A in longitude 
45' 17' 18" E. and B in longitude 74** 20' 48" E. 

Longitude of A is 45° 17' 18" E. 
„ B is 74° 20' 48" E. 

Difference of longitude is 29° 3' 30". A being west of B. 

4. Find the difference of longitude between two places, one on 
the meridian 27° 18' 45" E. of Greenwich, the other on that 
110° 14' 15" W. of Greenwich. 

Longitude of A is 27" 18' 45" E. 
„ B is 110° 14' 15" W 



Difference of longitude is 137° 33' 0". A being east of B. 

5. Find the difference of longitude between A in longitude 
121° 17' 24" E. and B in longitude 95° 16' 18" W. 
Longitude of A is 121° 17' 24" E. 



„ B is 95° 16' 18" W. 



?16°33'42" 
c.v° 0' 0" 



Difference of longitude is 143° 26' 18". A being west of B. 

By a careful perusal of these three cases it is seen that, 
to find the difference of longitude, we must use the 
following rules : — 

When the two longitudes ha/ve the same name we must 
subtract; wlien they ha/ve different namfieSf we must add ; 
if, after we ha/ve added, the su/m is greater thorn, 18(f, we 
subtract it from S6(f, amd this gives the difference of 
longitude. 

The teacher should accustom the pupils to demonstrate 
these facts by illustrations, simply drawing a horizontal line 
on the paper or slate to represent the equator, and a ver- 
tical line crossing it at right angles for the first meridian; 
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he will then see that if the two longitudes represented by- 
two other straight lines are both on the right or both on 
the left side of the first meridian, i.e,, both west or both 
east, he has to subtract to find their distance apart, while 
if they be one on each side of the first meridian, ^.e., one 
east and the other west, he must add to find the diflTer- 
ence of longitude. The case in which the sum is greater 
than 180° is best illustrated by a circle, on which it must 
be shown that the distance apart of two places is the 
smaller arc of the circle, not the larger one. 

In middle latitude sailing, the mid-latitude, or the 
parallel half way between any two given parallels, will 
have to be found ; it will be better to show now how 
this is done by a few simple illustrations : — 

6. Find the mid-latitude between Cape Cornwall, latitude 
50° 8' 0" N. and Duncansby Head in latitude 58** 39' 45" N. 

Latitude of Cape Cornwall, 50° 8' 0" N. 
„ „ Duncanaby Hea d, 58° 39' 45" N. 

2 ) 108° 47' 45'^ 
Mid-lat. between the two is 54° 23' 52J" N. 

We might have taken one from the other, then half of 
the difierence, and added it to the lower or least latitude, 
that would have given us t'o exact middle point between 
the two, and would have ijeen the simplest way of reason- 
ing ; but it admits of an easy algebraical proof, that if b 
be greater than a—* 

■ IS tne same a + — — 

ft 4-h 

—Z- being the method we have employed. 

h — ft 

a + J^ the method referred to in the text above. 
2 

7. Find the middle latitude between Cape Lopez 0° 36' 10" S. 
and the Cape of Good Hope 34° 22' 0" S. 

Lat. of Cape Lopez, - 0° 36' 10" S. 
„ „ of Good Hope, 34° 22' 0" S. 

2)34° 58' 10" 



Mid-lat. ia - 17^*29' 5" S. 
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8. Find the mid-latitude between the Gibraltar in latitude 
36** & 20" N. and the Cape of Good Hope. 

Latitude of Gibraltar, - 36° 6' 20" N. 

„ „ Cape of Good Hope, 34° 22^ 0" S. 

2) r44'20 



Mid-lat. is - 0° 62' 10" N. 

9. Find the mid-latitude between Gibraltar and Cape Cornwall. 

Ana. 43° T 10" N. 

10. Find the mid-latitude between Cape Lopez and Duncansby 
Head. Ana. 29° 1' 47i" N. 

11. Find the mid-latitude between Singapore, latitude 1° 16' N., 
and Kandy in Ceylon, latitude 7° 20' N. Ana. 4° 18' N. 

12. In the latter case find the difference of latitude. 

Ana. 6° 4'. 

13. Find the mid-latitude between Pekin, latitude 39° 64' N., 
and Rio Janeiro, latitude 22° 64' S. Ana. 8° 30' N. 

14. Find the mid-latitude between Plymouth and Manchester, 
when Plymouth is in latitude 60° 23' N., Manchester 53° 29 N. 

Ana. 61° 66' N. 
15 Find the mid-latitude between Lisbon, which is situated in 
latitude 38° 12' N., and Bergen in Norway, Utitude 60° 24' N. 

Ana. 49° 18' N. 

16. In the last question find the difference of latitude. 

Ana. 22' 12'. 

In finding longitude presently, it will be frequently 
necessary to find the co-mid-latitiide, that is, the distcmce 
of the middle latitude between two given places from the 
nearest pole. 

17. Required the co-mid-latitude between Cape Cornwall and 
Duncansby Head. 

Latitude of Cape Cornwall is - 60° 8' 0"N. 
Duncansby Head, - 68° 39' 45" N. 



if 



2 ) 108° 47' 45" 
Mid-lat.- . - 64°23'52i" 

90° 0' (r 



Co-mid-lat. is - - 36° 36' 74" 
Having found the mid-latitude as in previous ques- 
tions, it is evident that the distance of this parallel from 
the pole is found by subtracting it from 90°, for as from 
the equator to the poles there are 90°, and as the mid-lati- 
tude brings us a certain distance from the equator, the 
distance of this place from the pole is its defect from 90°. 
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18. Find the co-mid-latitude of Cape Lopez and the Cape of 
Good Hope. 

Cape Lopez iainlat. C* 36' 10" S. 

Cape of Good Hope „ 34° 22' (y S. 

2) 34'' 68' 10" 



Mid-lat. . - 17^29' 6" 

90** 0' 0" 



Co-mid-lat. is - IT 3(y 65" 

19. Find the co-mid-latitade of Gibraltar and the Cape of Good 
Hope. 

Gibraltar is in lat. 36' 6' 20" N. 
Cape of Good Hope, 34° 22' 0" S. 

2) 1°44'20" 

Mid-lat. is - - 0° 52' 10" N. 

90° 0' 0" 



Co-mid-lat. - 89° 7' 60" 

20. Find the co-mid-latitude between Pekin, latitude 39° 54' N., 
and Rio Janeiro, latitude 22° 54' S. An3. 81° 30'. 

21. Find the co-mid-latitude between Plymouth and Man- 
chester, when Plymouth is in latitude 50° 23' N., Manchester 
53° 29' N. Ans. 38° 4'. 

22. Find the co-mid-latitude between Lisbon and Bergen in 
Norway, when Lisbon is situated in latitude 38° 12' N., and 
Bergen in Utitude 60° 24' N. Ans. 40° 42'. 

23. Bequired the difiPerence of latitude and the difference of 
longitude oetween the two places, A and B, given (1863). 

Latitude. Longitude. 

A 31° 15' 25" N. 17° 30' 27" E. 

B 45° 18' 17" N. 23° 14' 3" W. 

Ans. Difference of latitude 14° 2' 52" B north of A. 
Difference of longitude 40° 44' 30" B west of A. 

24 Give definitions of the earth's axis, poles, meridians, and 
equator. How is the situation of a place on the earth's surface 
determined 7 What are the difference of latitude and the differ- 
ence of longitude between A and B (1869) ? 

Latitude of A 13° 18' N. Longitude 123** 12' E. 

Latitude of B 33° 17' S. Longitude 74° 36' E. 

Ans. Difference of latitude 46° 35' B south of A. 
Difference of longitude 48° 36' B west of A. 

25. Canton is in latitude 23° 7' 10" K, longitude 113° 14' 0" E. ; 
Cape Mendocino is in latitude 40° 29' 0" N., longitude 124° 29' 0" 
W. ; find the difference of latitude and longitude between the 
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two places, and the position of Canton in reference to Cape 
Menaocino. 
Ans. Difference of lat. 17** 21' 50" Canton south of Mendocino. 
Difference of long. 122° 17' 0" Canton west of Mendocino. 

26. Find the difference of latitude and longitude between 
Valdivia and Otago, and the relative position of Valdivia to 
Otago. Given 

Lat. of Valdivia 39* 60' 7" S. Long. 73° 34' 35" W. 
„ Otago 46° 46' 28" S. „ 170° 36' 45" E. 

Arts. Difference of lat. 6° 56' 21" Valdivia north of Otago. 
Difference of long. 1 15° 48' 40" , , east of Otago. 

27. What is the difference of latitude and longitude betweeh 
the Cape of Oood Hope and Cape Horn. Given 

Cape Horn, lat. 56° 68' 40" S. Long. 67° 12' 26" W. 

Cape of Good Hope, lat. 34° 22' 0" S. Long. 18° 24' 24" E. 
Ana, Difference of lat. 21° 36' 40" Cape Horn south. 
Difference of long. 85° 36' 49" Cape Horn west. 

28. Sombrero Bock is in latitude 10° 45' 0" N., longitude 
121° 38' 0" E. : the north point of Owhyhee is in latitude 
20° 18' 30" N., long. 165° 68' & W. Find their distance apart in 
degrees, etc., of latitude and longitude. 

Ana. Difference of latitude 9° 33' 30". 
Difference of longitude 82° 24' 0". 



LOa, LOa GLASS, AND LOG LINE. 

We have spoken of the compass, how the trtts cov/rBe 
is found from the compaaa course, and the compass cov/rse 
from the ^rue. We have now to show more fully what 
is meant by distance, and how it is measured. 

The lengths of a degree of latitude and longitude at 
the equator are 60 nautical miles or 364,500 feet. Hence 
the length of one nautical mile is = ^^ = 6075 feet. 
The nautical mile is always taken as 6080 feet, not 6075. 

When a ship loses sight of land, the principal method 
of ascertaining her place and directing her to her destina- 
tion, is by making careful observations as to her course 
and distance. The distcmce is the wwmheT of miles amd 
tenths of a mUe she nms, and it is measured by the log 
line and half minute glass. 
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14. The Logy or Log Ship^is a flat piece of wood, in flgure 
shaped into a sector of a circle. The broad part is loaded 
with lead to make it sit uprightly in the water ; when so 
placed, it presents a sufficient amount of resistance to 
the water as practically to be considered stationary. To 
the log is fastened a line about 150 fathoms long, called 
the Log Line^ divided into certain equal spaces called 
knots ; because at the end of each of them there is either 
a piece of twine with knots in it reeved between the 
strands of the line, or some other mark showing how 
many spaces or knots run out in half a minute, which is 
the time generally allowed for making the necessary ex- 
periment to measure the rate of the ship. 




THE LOG SHIP OB LOG. 

This simple figure will show how the line is attached 
to the log jship. The upper cord of the three is fastened 
in its hole by a peg. The man who heaves the log, 
when the time is up, gives the line a smart jerk, and the 
peg comes out, when the log falls flat on the water, and 
is thus more easily .drawn in again. 

It is customary to use an ordinary sand glass that will 
run out in half a minute ; although, in fact, any glass 
will do, so long as the sand glass runs out in the same 
fraction of a minute that the length of the knot is the 
fraction of a mile. The whole principle of the employ- 
ment of the log, log line, and log glass is, that the length 
of each knot is the same part of a nautical mile as half a 
minute is of an hour. 

Since half a minute is the x^ pari; of an hour^ 
The knot must be the yiir part of a nautical zuile; 
But a nautical mile is 6075 feet, 
Hence A knot is 4f^ == 50'625 feet» 
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Or we may write 

The feet in one knot _ the seconds the glass rung ; 
The feet in one mile the seconds in one hour. , 

It is customary to take the knot as 50 feet. Sailors 
comjuonly commence to count the knots at about 10 
fathoms or more from the log (we should have mentioned 
that each knot is divided into tenths, which sailors call 
fathoms), so that the log, when it is thrown overboard, 
may be out of the disturbance of the sea lying in the 
ship's wake before commencing to count. This part of 
the line is called the stray Ivm^ and its termination is 
marked by a piece of red rag. 

When thrown overboard, the line is unwound from the 
reel as fast as the ship moves. It shows the rate of pro- 
gress the ship is making through the water ; for half a 
minute being the same part of an hour as a knot is of a 
nautical mile, it is evident that whatever number of 
knots of the line the ship runs in half a minute she will 
run the same number of miles per hour, supposing the 
rate, as is generally done, uniform. We now see the 
force of the expression, " the ship is going 4 or 5 knots 
an hour." It really means that she is running 4 or 5 
nautical miles per hour. 

The distance given by heaving the log may be wrong, 
for three reasons : by an error in the glass, an error in 
the log line, or an error in both. 

(a) When the log line is properly divided and the 
glass faulty. 

J6^ When the glass is true and log lilie faulty. 

fc) When both are faulty. 

(a) When the log line is properly divided and the 
glass runs out too quickly, it is evident that the proper 
number of knots will not have run out in the time, and 
therefore the rate of the ship will be put down less than 
it really is ; on the contrary, if the glass runs too long 
more knots will run out and the estimated rate will be 
too great. 
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(b) If the glass be true and the log line faulty, we 
shall also have error. For if the glass be true and the 
line too short, more knots will run out in the given time 
than should do, and the distance estimated will be too 
great ; while, on the contrary, if the knot be too long for 
the glass, an insufficient number will run out, and the 
estimated distance will be too short. 

From the two cases it will be seen, (b) that if the time 
remains fixed the diatcmce fownd by the log toiU vary in- 
versely as the length of the knot, i.e,, if the knot be too 
long ^e distance will be too short, and if too short the 
distance will be too great ; while, if the knot be correct 
(a) the distance found by an incorrect glass will vary 
directly as the glass, i.e., if the glass runs too short dis- 
tance will be too short, and vice versa, 

(c) In the third case, when both are faulty, it is cus- 
tomary to find the true distance from the annexed 
formula : — 

where D is the true distance, 

d „ erroneous distance, 
t ff time the glass runs, 
I „ length of the knot. 

The formula is thus obtained : A glass runs out in t 
seconds, the line is wrongly knotted, and its length is I. 
Find the true distance (D) when it has been calculated 
that the ship has gone d miles. 

(1) When the knot is correct and the glass wrong: we 
find the correct glass to the given knot by direct propor- 
tion, remembering that this is the case where the distance 
varies directly as the time. 

The first step here is to find the length of the knot to 
the sand glass that will run out in t seconds of time. 

Sec. Sec. Ft. in a knot. 

As 3600 :t:: 6080 : ^^5 correct length. 

(2) When the log line varies and the glass remainB 
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the same; we have then an inverse proportion, and to 
find the true distance, knowing the erroneous distance 
and the lengths of the knots in the two cases. The follow- 
ing inverse proportion exists according to the previous 
reasoning : — 

True knot _. Erroneous distance 

Erroneous knot ^ True distance 

Or, true knot : erroneous knot : : erroneous distance : true 

distance. 

Substituting in this proportion the true length of knot 
just fo«nd — 

^9^^ :l::d:-D 

3600 

. T\-. Id ^ 8600 
t 6080 
_ Z dl 

3600 ^ 
■""'" 6080 = S^*'^°**'^y' 

1. Find the length of a knot to a glass that runs out in 25 
seconds. 

One hour 0eo. One mile 

As 3600 : 25 : : 6080 : Ans. 

= 42} feet. 

2. ' Find what glass I must use Mrith a line knotted at every 55 
feet. 

One mile Ft. One hour. 

As 6080 : 65 : : 3600 : Ans. 

= 32*66 second& * 

3. The apparent distance run at sea is 48 miles when the glass 
runs out in 33 seconds : what is the true distance run, length of 
knot being 64 feet ? Ana, 47*1 or 46-5. 

4. Expmin the mode of estimating the distance a ship has run 
by the log. Supposing the loff-line is wrongly divided, obtain 
a formula for findmg the true distance run by it (1863). 

A713. 'D = i^J 

6. How is a ship's rate of sailing estimated at sea ? Describe 
the loc fully (1864). 
6. Given that the knot as shown by the log line is 
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erroneous, show how to correct the estimated distance run by a 
ship (1864). 

7. What are the instruments used at sea to estimate the dis- 
tance run by a ship during any time? Describe them fuUy, and 
show how to allow for any known errors in them (1866). 

8. How is the distance run at sea found ? If the length of the 
knot or the time in which the glass runs out be incorrect, how 
must the true distance be found ? 

9. The apparent distance run is 37 miles, the length of the knot 
is 53 feet, the glass runs out in 28 seconds, what is the true dis- 
tance run (1865) ? Ana. 41*4 or 42*021 nearly. 

10. Explain the log line, and show to what errors it is liable 
(1865). 

11. What is the true distance run by a ship when the distance 
by the log is 78 miles, the length of the knot is 47 feet, and the 
number of seconds the sand glass takes to run out is 27 (1865)? 

Ana. 80*4 or 81*46 nearly. 

12. Describe the instrument commonly used for estimating the 
distance run at sea. 

13. What should be the length of the knot on the log line 
when the sand glass runs out in 27 seconds, a nautical mile being 
assumed to be 6080 (1871) ? Ana. 45*6 feet. 

14. A log line is knotted every 45 feet, find what glass must 
be employed. A'oa. 26*6 sec. 

15. A glass that runs out in 35 seconds is employed on board a 
ship, what length of knot is used to correspond with it ? 

Ana. 59*1 feet. 

16. Describe the log, and show how it is employed to find the 
distance run. If the distance run by log is 315 miles, and the 
length of the log line is 47 feet, and the glass runs out in 32 
seconds, what is the true distance run (1866)? 

Ana. 277*59 or 273-9. 

17. How is the distance run by a ship at sea found ? If the 
length of a knot on the log line is 47 feet, and the distance run is 
apparently 18 miles, what is the true distance run (1866), (glass 
runs out in 27 seconds)? Ana. 18*8 or 18*5. 

18. Describe the log line, and show how it is divided (1867). 
The apparent distance run at sea is 48 miles when the glass runs 
out in 33 seconds, what is the true distance run (1866), (length of 
knot 66 feet) ? An^. 48*87 or 48*2. 

19. What is meant by the terms log ahip, log line ? How is the 
log line attached to the log ship ? What is the object of this 
mode of attachment ? What is the stray line ? Suppose a 
nautical mile to be 6080 feet, what must be the length of a knot on 
the log line when the glass runs out in 28 seconds (1869) ? 

Ana. 47*3 feet nearly. 

To many of these questions two answers are given ; the 
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reason for such a proceeding is this : — One answer is ob- 
tained by substituting in the formula D = f * j-' which is 
not exactly correct, but very near the true answer, as has 
been pointed out; the other answer has been found by first 
finding the proper length of knot to the glass given, and 
then the true distance by the proper proportion existing 
between true distance, erroneous distance, true knot, and 
erroneous knot; or, more rapidly, the answers may be 
found out by substituting in the formula 

45^ dj 
76* « 
which was shown to be very nearly equal to 

3 dl 

6 *7 
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15. Plane Sailing is sailing on the supposition that the 
earth is perfectly flat, that the meridians are right lines 
parallel to each other, and perpendicular to the equator, 
and that the parallels of latitude are right lines equal 
and parallel to each other, and parallel to the equator. 
It is not a strictly correct assumption to consider any 
part of the earth's surface a plane. Yet when the ship 
makes but little headway, the results obtained by plane 
saUingwiU be 8ufficieii% correct to serve every meful 
purpose. 

Let N E S W represent the horizon, 12 3 4, etc., 
parallels of latitude, and abed, etc., meridians. Suppose 
a ship to be at C ready to sail in the direction C A; 
when she arrives at A, then A C is the distance in nautical 
miles, F C the difierence of latitude, A F the departure, 
A C F the course. 

Given either two of these quantities we can find the 
third by the simplest definitions in trigonometry. 
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Here let me advise the teacher and student of navi- 
gatlon to avoid, if pos- 
sible, all rules for 
plane sailing, and to 
trust entirely to the 
rudiments of trigono- 
metry. For this end a, 
lesson or two in that 
subject Trill be time 
thoroughly well spent 
The following must be 
readily at the fingers' 
ends. Rules will be 
given, but we shall 
give more importance 
to showing how the fol- 
lowing simple fonnulse 
and definitions may be 
applied; — 

Take triangle A F C — 

, '. departroK = diBtauce x Sin. couthb 
.-. diabmce = departure 
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A C diatiuice 

.'. difference of latitnde _ distaace x Cob. coiiTse 
.-. diatanca = differenee.of latitude 
Cos. coaree 
= diff. of Int. X Sec course 

Tan. 0. = 41. orTaa. course = departow ^ 

PC differeace of latitade. 

The student must go over the above again and again 

till aU the cases are thoroughly mastered, and he can shift 

and change them into every form, applying the formulte 

to aU the four triangles, C A F, C B F, C D G, and E G. 
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A rhv/mh line id a curve on the earth's surface cutting 
every meridian it meets at the same angle. It is the 
track described by the ship while she remains on the 
same course. The length of this rh/wmh line is the 
Distance. 

16. Distance is the number of nautical miles a ship 
sails on a rhumb line, or it is the number of ^utical 
miles on the rhumb line between the points of departuie 
and arrival. 

17. Course. — ^The path of a ship sailing on any single 
point of the compass is a rhumb line^ and the angle which 
this line makes with each meridian is called the ship's 
coTirse: it is measured from twrth or south towards tost 
or west, either in points of the compass or degrees. 

18. Departure is the distance that a ship has made 
' good due east or west from the meridian it started from. 

The one following is a more precise definition. 

If we imagine that the rhumb line intercepted between 
any two points on the earth's surface is divided into an 
infinite number of small equal parts, and that each part 
is the hypothenuse of a right-angled triangle, one side 
of which is the arc of a meridian, and the other side an 
arc of a parallel, then the sum of the arcs of the parallel 
forming the sides of the triangles is ^Ued the departure. 

A lesson should now be given on tiiv '«n of logarithms 
until the student thoroughly compreheL- is these three 
things : — 

1. To perform multiplication by logarithms, you must 
add the logarithms of the multipliers together, and take 
out the logarithm of their sum. 

2. To perform division by logarithms, you must sub- 
tract the logarithms of the number, and take out the 
logarithm of the remainder. 

3. To find the squa/re root : divide by 2 and take out 
the logarithm of the result. 

Before entering on further explanations, a few examples 
are next worked out to create readiness in applying the 
formul8& given from trigonometry, 
20 E D 
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1. A ship sails from latitude 41° 15' N. for 85 miles on a N.W. 
course, find the difference of latitude and departure. 

Let the line C A represent the distance (85 miles) that 
the ship sailed ; then drop the perpendicular A F upon 
the meridian running N. and S. and passing through the 
place C from which the ship started : this A F represents 
the departure, or the perpendicular distance between the 
meridian d I left and the meridian h i arrived at ; while 
F C represents the difference of latitude, or the difference 
of latitude between the place left and the place arrived at; 
while angle A OF represents the course N.W. or 45° from N. 

We will first find the difference of latitude; for this 
end, remembering the C F or the difference of latitude in 
our triangle A F C is related to the cosine of C, we at 
once start with 

Cosine course = ^ = difference of latitude 

A distance 

. *. difference of latitude = distance x Cos. course 

= 85 X Cos. 45' 

Log 85 = 1-929419 

Log Cos. 45 = 9-849485 

Log 601 ... = 1-778904 

.'. difference of latitude = 60'1 miles N. 
Now for departui:*. Departure is always connected 
with the sine: 

Sin. course = i| = ^H^ 
A C distance 

,*. departure = dis. x Sin. course. 

= 85 X Sin. 45° 

Log 85 = 1-929419 

Log Sin. 45°= 9-849485 

Log 601.... = 1-778904 
•. departure.... = 60*1 miles W. 
Here the departure is the same as the difference of 
latitude, which is always the case when the course is 45°, 
or N.W., N.E., S.E., and S.W. 

As the ship sailed from lat 41° 15' 0" N. 

and the difference of latitude is 601 m. = F O' 6'' N. 

.-. the ship is in latitude 42° 15' 6" N. 
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The V 0' 6" is obtained by dividing the 60 ' by 60 
miles in one degree, and multiplying the 1 by 6 (instead 
of 60, and then counting off one decimal place). 

From this problem we get tiiese two rules : — 

Tofmd difference of latitude: add log distance to log 
COS. course, and the sum is the logarithm of the differ- 
ence of latitude. 

To find depa/rture: add log distance to log sine course, 
and the simi is the log of the departure. 

The "latitude in" is found as in previous examples. 

2. A ship sails from latitude 44** SO' N., on an E.N.E. course till 
she comes to latitude 46° 1(V N., what distance has she run? and 
what departure has she made? 

Difference of lat. is given for latitude from is 44° 2Xy N. 

latitude in is 46° 10^ N. 

. •. difference of lat. is 1° 40' N. 

60 

100 miles. 

Difference of lat. is connected with cosine . '. from triangle CFB 

r«^« «^ „« C F difference of lat. 

ijos. course = — ^^ 

B distance 

Here, as we know both course and difference of latitude, 
we can find the distanoe. 

difference lat. ,.^ 

.'. Distance = "n ^^ ^^„^^ = difference lat. x sec. course 
Uos. course 

= 100 X sec. 67° 30'. 

Log 100. = 2-000000 

Log sec. 67° 30' = 1 0-417160 

Log261-3 = 2-417160* 

. *. Distance is 261*3 miles E.N.E. 

Now for departure, which is connected with the sine. 

FB departure 
Sm. course=f75= ^^^^ 

. '. Departure = distance x sine course 
=261-3xsme67°30' 

Log 261-3 = 2-417160* 

Log sin. 67° 30' = 9-96561 5 

Log 241 -4 = 2-382775 

. '. Departure = 241 -4 miles E. 

Hence we have a third rule^ or the rule for finding the 
.distance. 
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Tofirvd tlie distcmce : to log difference of latitude add log 
secant course, their sum is the logarithm of the distanca 

3. A ship from latitude W 3(V N. sails S. S.E. till she has made 
80 miles departure, what distance has she run ? and what lati- 
tude is she m ? 

We have given course S.S.E., or S. 22° 30' E., and 
distance 80 miles. 

(1) Let the departure be foiond firsts or sine in triangle 
CGD. 

G D _ departure 
Sm. C-Q5-^^jg^^jg 

.*. Departure =dis. x ^in. course. 
=80 X sin. 22^30' 

Log 80 = 1-903090 

Log sin. 22^30' = 9582840 

Log 30-61 = 1-485930 

. '. Departure = 30. 61 milea E. 

(2) The difference of latitude is to be founds or cos. in 
triangle CGD. 

^ p _ CO- _ difference of lat. 
Cos. t - (J J) - distanoe 

* '. Difference of lat. = dis. x pos. course 

= 80xcos. 22** 30'. 

Log 80 ,... = 1-903090 

Log cos. 22^30' = 9-965615 

Log 73-91 = 1-868706 

. *. Difference of lat. = 73-91 miles S. 

60 

54-60 
= r 13' 64" -6 8. 
To find latitude in 

Latitude from 44' 30'0"N. 

Difference of lat. 1° 13' 54" -6 S . 

Latitude in 43** 16'5"-4N. 

4. A ship sails from latitude 44" 30' N. between S. and W. for 
170 miles, till she inds herself in latitude 42** 55' 44" N. ; what 
true course has she steered, and what departure has she made ? 

(1) The distance, 170 miles, is given. 

( Lat. from... 44'' 30' 0" N. 

(2) The difference of lat. is given ] Lat . in 42°55'44"y. 

( Diff. of lat. 1" 34' 16" S. 
60 

94-26 mitoS* 
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First, as we want the course and know the distance 
and difference of latitude, we must take the cosine in the 
triangle C E G to find it. 

r n ^^ difference lat. 94-26 

Log 94-26.. = 1-974327 

Log 170 =2-23044 9 

Log COS. 66° 19' =9-743878 

Course is S. 56° 19' W. 

Next, wo want departure, so must use sine. 

Q* n ^ ^ departure 
0"^-^-EC -distance. 
.-. Departure = dis. X Sin. C. 

= 170xSin. 66M9' 

Log Sin. 56° 19' = 9920184 

Log 170. ... =2-230449 

Log 141-4 =2-160633 

. *. Departure = 141 "4 miles W. 

From this problem we have a rule for finding the 
.course. 

To find the cou/rse: from log difference of latitude 
substract log distance, mentally adding 10 to the index 
of the upper logarithm, the remainder is the log cosine 
of the course. 

5. A ship sails from latitude 44° 30* N., between N. and W. 
for 200 mUes, when she finds her departure is 155 miles : find 
the true course on which she sailed, and the difference of latitude. 

(a) The distance is given, 200 miles. 

(b) The departure is given, 155 miles. 

We must find coTirse from these, and as we have the 
departure given, we must use sine in triangle C A F to 
find it. 

AF de parture 155 

Log 155 =2-190332 

Log 200 = 2-301030 

Sin. 60° 48' =9-889302 

Course is N. 50° 48' W. 



t • 
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To find difference of latitude we use the cosine. 

Cos. n-CF- diff.oflat. 
A C distance 
,•. diff. of lat.=dis. xCos. C. 

= 200 X Cos. 50°48' 

Log. ..... = 2-301030 

Log Cos. 50°48^ - 9-800737 

Log 126-4 = 2-101767 

. •. diff. of lat. = 126-4 miles N. 
To find latitude in 

Latitude from 44° 30' 0" N. 
Diff. of lat. 126-4= 2° 6' 24'' K 

Latitude in ? 46** 36' 24" N. 

The 2° 6' 44" is found by dividing 126 by 60 ^d multiplying 
4 by 60. 

This sum gives another rule for finding the course. 

To find the course: from log departure subtract log 
distance, mentally adding 10 to the index of the upper 
logarithm, the remainder is the log sine course. 

6. A ship sails from latitude 44° 30' 0" N. between S. and E. 
till her departure is 80 miles and difference of latitude 169 miles. 
Find the true course on which she sailed, and the distance. 

Here we have given difference of latitude 169 miles and 
departure 80 miles, from which we can find the course in 
triangle C D G. 

Tan n— ^P _ departure 80 
• "GC~diff. oflat.~169 

Log 80 = 1-903090 

Log 169 = 2-22788 7 

Log tan. 25" 20' =9 -675203 
.-. Course is S. 25° 20' E. 
We can find distance by using either sine or cosine. 

Sin n — ^ 1^ — depjEtrture 
C D distance 

.-. distance = 42?£*H£L =dep.xCosec.C 

Sin. C 

= 80xCosec. 26° 20 

LogSO = 1-903090 

LogCosec. 25° 20' = 10368674 

Log 186-9 = 2-271764 

. -. Distance is 186*9 miles. 
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Latitude from 44" SCV 0" N. 

Diff. of latitude 169= 2°4yO^^S. 

Latitude in 41° 4r 0^^ N . 

7. In this last example, if the variation be 31** 2ff E. and devia- 
tion 9° W., find the compass course. 

True course 25° 20' 1. of S. 

Variation 31° 20' 1 . 

66°40'1. 
Deviation 9° 0' r. 

Compass course 47° 40^ L or S. 47* 40' E. 

This problem supplies us with the third rule by which 
the course can be found. 

To find course: from log departure subtract log 
difference of latitude, mentally adding 10 to the index of 
the upper logarithm; the remainder is the log of tan. 
course. 

8. !Required the compass course from A to B. 

Lat. A 60° 20' N. Varia. 23° 16' W. Long. A 5° 15' W. 
Lat. B 51° 50' N. Devia. 8° 4' E. Long. B 5° 15' W. 

Here we have only difference of lat. = 1° 30' =90 m. N. 
There is no difference of long. . *. no departure. 

. *. the true course is N. ; distance 90 miles. 
We have now to find thp compass coiu-se. 

True course N. 

Variation 23° 16' r. 

Deviation 8° 4' 1. 

Compass cours e 15° 12' r. or N. 15° 12' E. 

9. B.equired the magnetic course from A to B. 

Lat. A 50° 22' N., var. 20° 4' W., Ion. A 4° 8' W. 
Lat. B 48° 46' N., dev. 7° 3' W., Ion. B 4° 8' W. 

Ans. S. 27° 7' W. 

10. A vessel sails from Cowes, latitude 50° 45' 37" N., longi- 
tude 1° 16' 15" W., on a true S. course for 54 miles: required 
the latitude and magnetic course when variation is 21° W. and 
deviation 12° 10' E. Am. Lat. in 49° 61' 37" N. 

Mag. course S. 8° 50' W. 

11. A ship sails from latitude 41° 15' N. for 125 miles on a 
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course K 3i points W.; find the difference of latitude, departure, 
and latitude in. 

Ana. Diff. lat. 96*6; dep. 79*3. 
Lat. in 42'' 61' 36^ N. 

12. A vessel is taken from latitude 44° W N. on N-KJ-E. 
course till she comes to latitude 47° 40' IS" N., what distance has 
been run ? and what departure made ? 

Arts, Dis. 300 m., dep. 231*9 m. 

13. A ship from latitude 44° 30' N. sails S.S.E. J-E. till she has 
made 103 miles departure, what distance has she run, and what 
is the latitude in ? 

Ans. 241 miles dis., diff. lat. 217*9 m. 
Lat. in. 40° 62' 6" N. 

14. Suppose a ship to sail from latitude 44° 30' N. between 
S. and W. for 270 miles till she is in latitude 40° 26' 54" N., what 
is the true course steered and departure made good ? 

Ana. Course S.S.W. i-W., dep. 115 "3 miles. 

15. A ship sails from latitude 44° 30', between ^. and W., for 
290 miles, when she finds her departure is 161 '1 miles ; find the 
true course on which she has sailed, and difference of latitude, and 
latitude in. Ana. Course N.W. by N. 

Diff. lat.=241-l m., lat. in 48° 31' 6" N. 

16. Suppose a ship to sail from latitude 44° 30' 0" N., between 
S. and E., till her departure is 148 miles, and difference of latitude 
98*9 miles, find the true course on which she sailed, with the 
distance and latitude in. 

Ana. Course S.E. by E., distance 178 miles. 
Latitude in 42° 51' 6" N. 

17. Ilequired the compass course and distance from A to B. 
Given : 

Lat. of A 51° 25' N., var.l9° 20' W., Ion. 9° 29' W. 
Lat. of B 49° 16' N., dev. 3° 16' E., Ion. 9° 29' W. 

Compass course S. 16° 4' W. 

Distance 129 miles. 

18. Eequired the magnetic course and distance from A to B. 
Given : 

Lat. of A 49° 53' 37" N., var. 2 points E., Ion. 6° 20' W. 
Lat. of B 49° 0' 37" N., dev. 4° 15' E., Ion. 6° 20' W. 

Mag. course S. 26° 45' E. 

Distance 63 miles. 

19. Show clearly how deviation and variation are allowed in 
finding a magnetic course. 

20. Give a demonstration of the principles of plane sailing, 
with the definition of departure (1862). Explain the terms 
course and departure, and show that diff. lat. =di8. x Cos. course 
(1863 and 1868). 

21. Prove that departure = distance X sin. course (1863). 
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22. Keqnired tlie compass course and distance from A to B. 
Given : 

Lat A 3' 18' K, var. 2i pts. E., Ion. A SO** 25' W. (1864). 
Lat. B 12* 15' S., Ion. B 30° 25' W. ^ 

Ana. Course S. 28" 7' 30" E. ; distance 933 miles. 

23. Draw a figure illustrating the definitions of the following 
terms in navigation : — (1) Khumb line ; (2) course ; (3) distance ; 
(4) difference of latitude ; (5) departure (1864). 

24. Prove that distance = departure x Cosec. course (1864). 

25. Show by a figure what is meant by the terms distance, 
course, and departure (1865). 

26. What is meant by the departure ? 

How is the departure estimated when a vessel sails on a given 
course from one point to another on the earth's surface (1868) ? 

27. Find the compass course and distance between A and B. 
Given latitude A 23' 18' S., longitude A 18*^ 20' W. 

B 31' 53' S., longitude B 18' 20' W. 
Variation IJ point W., deviation 3° W. (1868). 

Ans, Course S. 19' 52' 30" W. ; distance 515 miles. 

28. Bequired the compass course and distance from A to B. 
Lat. A 73' 30' N., var. IJ W., Ion. A 43' 20' E. 

Lat. B 78' 41' N., dev. 3' W., Ion. B 43' 20' E. (1865). 

Am. Course N. 19' 52' 30" E. ; distance 311 miles. 

29. How must I steer by compass when my true course is S.W. 
by W. f-W., variation 2^ points E., deviation f point W., leeway 
i point, wind S. by E. (1870) ? Ans. S.W. 

30. Define course, distance, and departure ; express the depar- 
ture in terms of the course and distance (1871). 

31. If a ship sail from Oporto in latitude 41' 9' IST. 275 miles on 
a N. W. J-W. course ; reqmred her departure and the latitude she 
has arrived at. Ans. Departure 212*6 miles, lat. in 44' 3' 30" N. 

32. A ship sailed from latitude 41' 3' S., W.N.W., till her de- 
parture was 145 '1 miles ; required the nautical distance she sailed 
and the latitude in. 

Ans. Distance 157 miles, latitude in 40' 2' 54" S. 

33. A ship being in latitude 10' 4' S. sailed between N. and E. 
till she was in latitude 8' 12' S., she made 80 miles departure, 
what was the true course and distance ? (2) find the magnetic 
course, with variation 2 points E., deviation 9' W. 

True course N. 35' 32' E., distance 137*6. 
Mag. course N. 22' 2' E. 

34. Suppose a vessel to sail south-westward till her departure 
is twice ner difference of latitude, find the true course; (2) 
find magnetic course, with variation and deviation amounting to 
IJ points E. Ans. True S. 63' 26' W. 

Mag. S. 43' 44'f W. 
35< Define the terms departure, nautical distuice, true diffei- 
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• 
ence latitude, and difference longitude, and show that departure 
= true difference latitude x Tan. course (1872). 

36. A ship sails from latitude 38** 4' K, S.E.byS., till her de- 
parture is 50 miles ; required the distance she has sailed and her 
latitude. Construct a figure (1872). 

Distance 90 miles, difference of latitude 74*8 miles. 
Latitude in 36** 4^ 12" N. 

37. A ship is in latitude 45° 18' S., lon^tude 44° 25' E., and 
sails in a W.S.W. direction until she is m latitude 47° 14' S. : 
required the distance run and the departure (1872). 

Distance 303*1, departure 280 miles. 

38. A ship sailed from Cape Finisterre, latitude 42° 66' 10" N., 
longitude 9° 16' 15" W., on a course between W. and S. till her 
departure was 100 miles and difference of latitude 19*9 ; re- 
quired the true course and distance. 

Find the compass course and distance if the variation is 25° W 
W., deviation 4° E. True course W.byS., distance 102 miles. 

Compass course !N. 80° 5' W. 

39. Why does a deviation table belonging to a ship vary from 
time to time. 
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19. Traverse Sailing is the art of finding one course 
and distance that would bring a ship into the position she 
has arrived at by sailing on several courses with their 
respective distances. A ship can seldom, on account of 
land, rocks, shoals, contrary winds, etc., make directly 
for the port to which she is bound. 

20. Traverse Tables. — Every good book of logarithms 
contains what is called a traverae table. It is thus cal- 
culated or constructed : all the distances from 1 mile to 
300 are taken, and the departure and difference of lati- 
tude found for each with course 1°, 2®, 3^, etc., to 45"* by 
plane sailing, these are all tabulated and called the 
traverse tables. The first page has the distances from 1 
to 300 miles, with the difference of latitude and depar- 
ture for 1° as a course. But inasmuch as the sine of an 
^^gle is equal to the cosine of its complement, the differ- 
ence of latitude for 1° will be the depaii;ure for 89°, and 
*t© departure for 1° will be the difference of latitude for 89°. 



TRAVERSE TABLES. 59 

Hence at the bottom of page 1 we have 89°, or page 1° 
stands for page 89°, but at bottom of latitude column is 
departure, at bottom of departure column is latitude. 
So page 2° also answers for 88°. Hence only 45° pages 
complete the traverse table. As well as making a table 
for the degrees, there is also a traverse table for the 
points, which is often very convenient. As a matter of 
fact, sailors seldom sail to degrees, but always reckon 
their course in points and quarter points. In plane sail- 
ing, any two quantities being given, it is possible by the 
traverse tables to find all the others without calculating 
them. Hence their great utility, that all the calcula- 
tions in plane sailing can be done by looking out the 
quantities in the table book. The examples we have 
worked out and given in this chapter can be done with- 
out any of the calculations we have used in the previous 
chapter, by merely looking out the answers in the traverse 
table. Hence students should accustom themselves to 
find all their answers in plane sailing (it will afterwards 
be shown that the same thing can be done with parallel 
sailing) from the tables to check their working. 

To resolve a traverse or compound course is then to 
reduce several courses and distances to a single course 
and distance. 

First, we will show how to resolve a traverse geometri- 
cally, and then by the usual method of employing the tables. 

1. A ship sails from latitude 51* 25' N., longitude 8° 12' W. ; 
S.S.E. 30; E.byS. 18; S.W.byW. 36; W.|-N. 14; and S.Kby 
E.|-E. 46 nules : required the equivalent course and distance, 
and the latitude and longitude of the place arrived at (1872). 

Let A be the centre of the compass. (1) The ship 
sails S.S.E. 30 miles. The line A B is drawn S.S.E., so 
that angle G A B is 22° 30', then A B is marked off as 
30 miles. The scale used is 36 miles to the inch. (2) 
Then she goes E.byS. 18 miles, so B C is drawn E.byS., 
and B C cut off 18 miles from the same scale. (3) The 
ship now sails S.W.byW. 36 miles, therefore C D is 
drawn five points right of S., and C D taken by scale as 
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36 miles. (4) The ship next goes W.f-N. 14, so we 
draw the line D E at an angle W.f-N. or 81** 33' 45" left 




Scale 36 Miles to 1 Inch. 



of N., and cut off D E 14 miles by scale. (5) Lastly, 
the ship turns and sails S.E.byE.^E., or 5J points left 
of S., for 46 miles, so we draw E F in that direction, and 
make E F equal to 46 miles. This leaves the ship at F, 
now drop a perpendicular from F upon the meridmn left 
A G, when F G will be the departure, which is by scale 
25 miles. A G is the difference of latitude, by scale 72 
miles, while G A F is the course. After measuring this 
angle we find it to be S. 19° E., and the distance A F is 
from the scale 77 miles. 

Results : Difference of latitude, 72 miles. Course, S. 19° E. 
Departure, 25 miles. Distance, 77 miles. 

We have now to show how to work out this traverse 
by the tables. 
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Courses. 


Dist. 


Diff. of Lat. 


Departure. 


N. 


S. 


E. 


w. 


S.S.E. - - - 2 pta. 
E.byS.- - - 7 pta. 
S.W.byW. - 5 pta. 
W.i-K - -7ipta. 
S.E.byE. J-E. 61 pta. 


30 
18 
36 
14 
46 


21 


27-7 
3-5 
20 

23-6 


11-5 
17-7 

39-5 


29-9 
13-8 

• 


21 
Diff. lat. S. 


74-8 
21 


68-7 
43-7 


43-7 


72-7 


25 iep. E. 



(a) Draw lines forming six columns : in the first, or 
left hand column, place the courses in their proper order, 
and one xinder the other. In the second column place 
distances opposite their proper courses. At the head of 
the next two columns, put difference of latitude and 
N. and S., to indicate north and south; over the two 
remaining put departure E. and W., for east and west. 

(b) Open the table book at page headed " Difference 
of latitude and departure for 2 points ;" look down the 
distance or first column on the left hand for 30; opposite 
30 is found 27*7 and 11*5, which are the difference of 
latitude and departure for 30 when sailing two points 
from N. or S. ; the 27*7 must be placed in the column 
headed S., and the 11*5 in the column headed E., because 
the course is S. and E. 

For the second cov/rae E.byS., turn to the page 7 points 
(marked 1 point at top). Look in the first column on 
the left hand for distance 18, where 17*7 and 3*5 are 
placed opposite the 18; but as your course is at the 
bottom you must read these 3*5 difference of latitude, 
and 17*7 departure, and place the 3*5 xinder S. and 17*7 
under E. 

Third coiMrse: turn to page 5 points, and opposite the 36 
we read the 20 and 29*9 from Tig)[i\i V^ \<b^)Ti^\» ^s^'^^cis?^ 
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are placed in the tables, because the course is at the bottom 
of the page; place the 20 under S. and 29*9 under W, 

Fourth course, — Because beginners are so apt to makp 
mistakes in taking out the difference of latitude and 
departure when the course is at the bottom of the page, 
we repeat the process at the risk of monotony. Turn to 
7J points at bottom of page, where, in first left hand 
columns opposite 14, is seen 13 '8 and 2*1, which we read 
2*1 and 13*8, since the course is at the bottom of the page, 
and place them under N. and W. respectively. 

Fifth course, 6 J points, is also taken out from bottom, 
and opposite 46 we read from right to left 23*6 and 39*5, 
and place them under S. and E. 

(c) Add up each column, and subtract the less from 
the greater in each pair. In this case subtract the 2*1 N. 
from 74°'8 S., leaving on the whole a total difference of 
latitude of 72°'7 S. Now subtract the 43*7 from 68-7, 
leaving 25 miles as the departure towards the E. 

(d) Turn to the traverse table again and find the two 
numbers 72*7 and 26 opposite each other in the differ- 
ence of latitude and departure colimms. A little prac- 
tice will soon accustom one to turn to the proper page 
directly, but we may always notice this : if the difference 
of latitude is the greater of the two numbers, the course 
is at the top of lie page; while if departure is greater, 
the course is at the bottom of the page. Looking in the 
traverse table, then, we find 72*7 and 26, or the nearest 
numbers to them 72-8 and 25*1, together on the page for 
19°, and immediately to the left of them is 77 in the 
distance column. We therefore write down 

Course, - - - S. 19° E. ; distance, 77 miles. 
Difference of latitude, 72 '7 miles; departure, 25 miles. 

The student must notice how far this agrees with the 

previous solution. 

We have now to find the latitude and longitude. 

Latitude is simply foimd; and it is rather unusual to 

find the longitude at this early stage, but the process is 

so simple and mechanical that a child can comprehend 

it; therefore it will be introduced l[i€£Q 
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Latitude Mid-latitude. Longitude. 

Lat. from 5r 25' O'^IST. 5r 25' 0"N. Lon. from8M2'W. 
Diff. lat. 72-7 =ri2'42" S. 50° 12' 18^' N . Diflf. of Io n. 40^ E . 

Lat. in 50° 12' 18"N. 2)101° 37' 18^' Lon. in.... 7° 32' W. 

50° 48' 39" 
90° 0' 0" 

Co-mid-latitude, - 39° 11' 21" 

Apply the difference of latitude 72*7 to the latitude 
from, and we have the latitude in 60® 12' 18" N. 

We next add the latitude from, and in together, and 
take half the sum, this gives us the middle latitude; we 
subtract it from 90°, this gives the co-mid-latitude, 

Go-mid-latitude is the distance of a place midway 
between two given latitudes from the nearest pole. 

With this co-mid-latitude 39°, we go to the traverse 
tables, and on page 39^ we find the departure 25 miles in 
the departure colwmn (nearest is 25 -2); corresponding to 
this is 40 in^ the distance column : this we apply to the 
longitude eastwards, because the departure is east, and 
it gives us longitude in 7° 32' W. 

2. A ship sails from latitude 20" 44' S., longitude 40" 27' 8" E., 
on the following courses and distances, find the position of the 
ship at the end of the time, and the compass course if the varia- 
tion is 56' E., and deviation 8° 49' W. 

S.S.W. 112 miles; S.byE. 86 miles; S.byW. 86 miles. 

S.S.E. 112 miles ; S. 50 miles ; S.KbyS. 90 miles. 



Courses. 

1 
I 


Dist. 


Diflf. lat. 


Departure. 


N. 


S. 


E. 


W. 


S.S.W. 

S.byE. 

S.byW. 

S.S.E. 

S. 
S.E.byS. 


112 
86 
86 

112 
50 
90 




103-5 
84-3 
84-3 

103-5 
50 
74-8 


16-8 
42-9 
50- 


42-9 
10-8 




Diff. lat. 


S. 500-4 


109-7 
59-7 


59-7 

1 








• 


50 


Dep. E. [ 



Course, S. 6" E. ; distance, 602. ixfii^^. 
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As before, the whole of the above is taken from the 
tables; but when we come to look for course and distance, 
it is found that we have no difference of latitude in the 
table book higher than 300 miles, and we want 500; the 
difficulty is overcome by taking the halves of 500*4 and 
60, viz., 250*2 and 25, and finding them in the tables, the 
nearest will be found under 6° to be 249*6 and 26*2; 
we therefore take the distance corresponding (261) and 
double it, which gives 602 as the distance and course 
S. 6° E. We will next find the latitude and longitude, 
and then show how we may get the answers above a little 
nearer, although they are already sufficiently near for all 
practical purposes. 

Latitude. Mid-latitnde. Longitade. 

Lat. from 20** 44' O^S. 20*»44' 0"S. 20** 44' 0"E. 

Diff. lat. 500-4 ... 8° 20' 24'^ S. 29" 4' 24" S. 0° 55' 0" E. 

Latin ^g** 4' 24"S. 2 )49° 48' 24^' Lon. m 21° 39' O^B. 

Mid-lat. 24° 54' 12" 
90° 0' 0^ 

Co-mid-lat. 66° 5' 48" 

At the risk of sameness, we will again show how the 
latitude and longitude have been found. 

First, the difference of latitude 500*4 miles = 8° 20' 24" 
are applied to the " latitude from " towards the. S., which 
brings us farther S. from the equator. 

Second, the co-mid-latitude is found as before. We 
take the 66° and find it in the traverse table at the bottom; 
next in the departure colimm (from the bottom) we find 
departure 60 (nearest 49*8) on page 65°, and see that the 
distance corresponding to it is 55. This 56 miles we 
apply to the longitude, and find the ship is in 21° 39' E. 
longitude. 

To find the compass course : 

True course, 6° 0' L of S. 

Variation, 0° 56 ' L 

6° 66' L 
Deviation, 8° 4^ r. 

Compass ^urse S. 1° 53' W. 
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To find the course and distance by plane sailing : 

Tan. course = . ,^^' ■ = « o 
diff. lat. T^CTT 

Log 60 = 1-698970 
Log 500-4 = 2-699317 

Tan. 5" 42' = 8-999653 

.-. Course is S. 5° 42'E. 

n diflf. lat. 

Co3. course = ^- 



dist. 

.*. Distance = diff. lat. x Sec. course 
Log 500-4 = 2-699317 * 

Log Sec. 6" 42' = 10002153 

Distance 502-8 = 2 701470 
It will thus be seen how little the two sets of answers 
differ, which ought to be the case. 

3. A vessel sails on the following courses and distances from 
lat. 46** 27' 36" N., Ion. 61" 56' 8" E. ; find course, distance, lat. 
and Ion. in. E. 45m. ; E.byS. 50m. ; E.byN. 30m. ; N.E. 45 m. ; 
N.byW. 30 m.; and N.E.byE. 27 m. 



Courses. 


Tt]af 


Diflf. lat. 


Departure. 


J^lBb. 


N. 


s. 


E. 
45 


w. 


E. 


45 








E.byS. 


50 




9-8 


49 




E.byN. 


30 


6-9 




29-4 




N.E. 


45 


31-8 




31-8 




N.byW. 
N.KbyE. 


30 


29-4 






69 


27 


16 




22 4 




821 


9-8 


177-6 


59 






9-8 




5-9 




72-3 diff. lat. N. 


171-7 


Dep. E. 


C 


ourse, N. 


67" E. ; di 


Lstance, 18( 


Smiles. 





Latitude. Mid-latitude. 

46° 27' 36" N. 46" 27' 36" N. 

Diff. lat. r 12' 18" N . 47" 39' 64" N . 

Lat. 47" 39' 54" N. 2)94" 7' 30" 



LoTiffitude. 
61" 56' 8"E. 
4° 12' 0' E. 

Lon. 66" 8' 8" E." 



20 E 



47" 3' 45" 
' 90" 0' 0" 

Co-mid-lat. 42" 66' 16" 

£ 
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With 43" as a course and 171*7 in the departure column, gives 
252 in the distance column for difference of longitude. 

There is nothing particular to notice in the above 
example, except the two courses E.byN. and N.byW. 
30 miles, where the numbers coincide bub interchange, 
as difference of latitude and departure. 

There are still two or three points to which we will 
caU attention in the next example. 

4. A vessel sails S. 65° W. 257 miles, N. 80" W. 147 miles, 
N. 27° W. 30-6 nules, W. 42*8 miles, N. 18° W. 34-9 miles, 
S. 72° W. 35 miles, N. 21° W. 245 miles : find the course and 
distance, also latitude and longitude in, supxx>sing the ship to 
start from Cape Ortegal, lat. 43° 40' 40" N., Ion. 7° 50' 30" W. 







Diff. lat. 


Depaiture. 


Courses. 


DUt. 






N. 


S. 


E. 


w. 


S. 65° W. 


257 




108 




23-2 


N. 80° W. 


147 


2-6 






14-4 


N. 27° W. 


30-6 


27-2 






13-8 


W. 


42-8 








42-8 


N. 18° W. 


34-9 


331 






107 


S. 72° W. 


35 




10 8 




33-3 


N. 21° W. 


24-5 


22-8 






. 87 


85-6 


21-6 




146*9 






21-6 1 






64 





Course, N. 66° W, ; distance, 160 miles. 



Latitude. Hid-latitude. 

Lat. from 43° 46' 40" N. 43° 46' 40" N. 

Diff. lat. 64=1° 4' 0" N. 44° 50' 40" N. 

Lat. in 



Longitude. 
7' 50' 30" W. 
3° 24' 0"W. 



44° 60' 40" N. 2)88° 37' 20" Lon.iniri4' 30" W. 

Mid. -lat. 44° 18' 40" 
90° 0' 0" 

Co-mid-lat. 45° 41' 20" 
With 46° as a course and 146*9 in its proper column, gives 204 
in the distance column for difference of longitude, 204' =3° 24'. 

(1) It must be observed in this example that tbe 
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difference of latitude and departure are taken from the 
traverse table of degrees, the three previous examples 
from that of points. 

(2) In taking out the difference of latitude and depar- 
ture for 25*7, 14*7, and 24*5, we take them out from 
opposite the distances 257, 147, and 245, mentally shift- 
4' the decimal pla.es one'point to lie left hand. 

In taking out 30*6 we take out for 30, then go to 
distance 6, and mentally shifting the decimal place one 
point to the left,* add to the difference of latitude and 
departure for 30. The same thing is done with 34*9. 

21. The method of finding longitude given here is called 
obtaining the longitude by Inspection. There is a test of 
accuracy of work which the student should never neglect 
to employ. As soon as he has taken out his difference 
of latitude and departure for every course, let him run 
down the columns, and see that all his northings and south- 
ings are in their proper c(51umns; the same with the 
departure E. and W. Again, notice when the course is 
greater than 45° that the departure is the greater number 
of the two taken out, and when the course is less than 
45° that the departure is the less number of the two put 
down opposite the course. These are but simple things, 
but attention to little points frequently ensures a student's 
success. 

5. A ship sailing from latitude 24° 32' N. runs the following 
courses and distances, viz., S.W.byW. 45 miles, E.S.E. 60 miles, 
S. W. 30 miles, S.E.byE. 60 miles : required the latitude she came 
to, and the direct course and distance thither. If variation be 
20° W. and deviation 9 E., find the compass course. 

Draw a circle to represent a compass. 

(1) From A the rhumb line AB is drawn S.W.byW., and AB is 
cut off 45 miles (from a scale of 45 miles to the inch). 

(2) Draw BC at an angle of six points, ie., the rhumb E.S.E., 
and make BC 50 from the same scale. 

(3) Draw CD on the rhumb line S.W., marking off 30 miles by 
scale. 

(4) Draw DE in a S.E.byE. direction, and make its length 60 
miles by scale. 
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(5) Then E is tlie position of the ship and the place we have 
to find. 

Join AE and draw EF perpendicular to the meridian AF, then 
AE is the distance, FE is the departure, AF is the difference of 
latitude, ^FAE is the course. 




Scale 45 Miles to 1 Inch. 

(6) From the scale of 45 miles to the inch, measure off the 
length of AE, it will be found to be 105*6 miles, FE is 37 '5 miles, 
and AF about 99 miles, while the anjzle (course) FAE is S. 21° E. 
Ans. Course S. 21'*E; di£ lat. 99 miles; dep. 37*6. 

Distance 105*5 miles. 

The same problem shall now be solved by the tables, so* 
that a comparison of the two methods may be instituted. 
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CO 



C )in8J3. 


Dist. 


Diff. 


lat. 


De]MU 


•t,nr«\ 


V. 


8. 


K. 


W. 


1 S.W.byW. 
1 E.S.E. 
S.W. 
S.E.byE. 


45 
60 
30 
60 




25 . 
191 
21-2 
33-3 


46-2 
49-9 


37-4 
21-2 


i 

> 

i 




98-6 


90 1 
68-6 


68-6 


1 

1 






37-6 



From the traverse tables we find that the course and 
distance answering to these are — 

Course S. 21'' E. (more exactly S. 20** 49' E.) 
Distance 105*5 miles. 

For latitude in. For course. 

Latitude from 24° 32' 0" N. True course 20° 49' 1. of S. 
Diflf. lat. r 38' 36" S. Variation 20° 0' r. 



Latitude in 22° 53' 24" N. 



0° 49' 1. 
Deviation 9° 0' 1 . 

9° 49' l7 



Compass course S. 9** 49' E. 



It will perhaps be wise to illustrate one or two points 
by further examples. 

Suppose the distance is 546 miles, with course N.W. by N., 
take out the difference of latitude and departure from the 
traverse table. 

The traverse table only extends to 300 miles. 

We must divide the distance, therefore, into two parts, 
or either take the half, third, fourth parts, etc., of 546 
miles, and then, having taken out the difference of lati- 
tude and departure for this half, third, fourth paii;, etc., 
multiply them by 2, 3^ or 4; or, we must take out for 300 
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miles and then the 246, and add the departnres and differ- 
ences of latitude together, thns — 



COUBSE THREE POINTS. 

(1) 546=3x182; or 646 =300 +246. 

DiBt. Diff. lat. Dep. 
182 = 151-3 101 1 
3=3 3 



Totals, 546 = 453*9 ^03*3 



Diet. Dili: lat. Dep. 
300 = 249-4 166-6 
246 = 204-5 136-7 



Totals, 546 = 453*9 303'3 



A ship sails on an E.N.K coarse 29*5, find the difference of 

latitude and departure. 

In this case take out for 295, and shift the decimal 
place one to the left. 

Thus for 6 points and distance 

295 = 112-9 diff. lat., 2725 dep. 
.-.29*5= 11-3 diff: lat., 27-2 dep. 

Find &om the table the difference of latitude and departure for 
4857 miles on a course N. 37** W. 





Course N. 37** W. 




Di«t 


DiflEllat. 


Dep. 


300 


239-6 


180-5 


185 


147 7 


111-3 


•7 


•5 


-4 



485-7 387-8 292-2 

Tlio decimal 7 we take out for 7, which is 5*6 and 4*2, 
and shift the decimal place one point towards the left, 
calling the number -5 and -4. (It is not a bad custom 
to increase the number by one when the decimal • place 
is greater than 6, i.e., we might call 6*6 in this case '6). 
As above 112-9 we called 11*3 not 11*2, when we shifted 
the decimal point. 

There is another point which will greatly conduce to 
accuracy if attended to; we have piu^posely passed it over 
in the previous pages to avoid puzzling the student. Take 
the annexed illustration. 

Suppose with course N. 31" E., we have a difference of latitude 
of 216-5, take out the departure and distance. 

Looking in the traverse table on page 31°, we find the 
nearest difference of latitude is 216 or 216'9. We will 
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take out the 216 with its distance, etc., and put it down 
as under. 

Dist. Diff. lat. Dep. 
252 2160 129-8 
;6 '5 ;3 

252-6 216-5 1301 

The 216 was found in the tables, the decimal 5 is 

found in its proper difference of latitude column as 5. So 

we take out all the terms- | 6 | 5'1 | 3*1 | and write 

them as we have done above, mentally shifting the decimal 

point to I '6 I '5 I -3 I . 

6. Given latitude of A 49" 35' N. and longitude 24° 50' W. ; 
latitude of B 43° 37' K, longitude 20° 17' W. ; variation of com- 
pass 27° W. ; find the compass course from A to B by the traverse 
table only. 



Diff. lat 


Mid-lat 


Diff. Ion. 


Lat. A 49° 35' N. 


49° 35' N. 


24° 50' W. 


B 43° 37' N. 


43°37'N. 


20° 17' W 


5° 58' 


2)93° 12' 


4° 33' 


60 


46° 36' 


60 


358 S. 


90° 


273 E. 



Co-mid-lat. 43° 24' 
We have to work by the traverse table or V, and there- 
fore go to page 43°, and find distance 273 in u/u-3 distance 
column, then in the departure coluu?^ is found 1:6 -2 for 
the departure. (This is simply revt.-^'^ing the process 
by which the difference of longitude wao Toimd on page 
63.) 

Now with difference of latitude 358 and departure 
186*2 go to the tables; but first, these are too great to 
be found in the tables, we therefore take their halves, 

179 diff. lat.; 93 '1 dep., 
which are found tmder 27°, with distance 201. 

. •. True course is S. 27° E. ; distance 402 miles. 
To find compass course : 

Ttue course, S. 27 E. or L of S. 
Variation, 27 W. orr. 

Compass course or due S. 

7. Show that course, distance, departure, and difference ol 
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latitude may be represented by an angle and the three sides of a 
right-angled triangle ; hence obtain formulae connecting (1) course, 
departure, and difference of latitude; (2) course, distance, and 
departure; (3) course, distance, and difference of latitude 
(1868). 

8. Why can I not determine fully the place of my ship by help of 
.the formulae used in plane sailing only ? What additional formulae 

will enable me to do this? Show that I can use a traverse table 
instead of directly applying this formulae. A ship sails from lat. 
23*' 18' N., Ion. 54'' 27' W., to lat. 2T 19' N., Ion. ^V 5^ W. 

. Ana, Course N. 29° E. ; dist. 276 miles. 

9. Draw a diagram showing the course, distance, departure, 
and difference of latitude, obtaining the departure directly from 
the traverse table (1868). 

10. What is meant by the traverse? Show how it is to be 
constructed (1865). 

11. A ship in lat. 13° 5' N., Ion. 123° 23' E., sails 225 S. W.J-W. 
by compass ; deviation of the compass 6° 35' W. ; variation IJ-E. ; 
find the latitude and longitude arrived at (1867). 

Ana. Lat. 11° 15' 54" N. ; Ion. 120° 1' E. 

12. On June 12, at noon, in lat. 18° 15' S., Ion. 73° 15' W., 
during the next 24 hours sailed 35 miles E.S.E, 30 miles W.byS., 
44 mUes S.W.byW., 29 miles N.byE., in what latitude and 
longitude am I on June 13, at noon (1868)? 

Ana, Lat. 18° 30' 18" S. ; Ion. 73° 45' W. 

13. What do y^u mean by the traverse table? Explain its 
use, and descril.': how it i. constructed. Show clearljr how it 
is that yor ^ .^ use it ' ^ find by inspection the longitude in 
(1870). 

14. ''^ bdt do y »:-' -":<;an by dead reckoning? Describe the 
instruments marK ..jv. of in this method of navigating a ship. 
Why are we unr '.j to trust wholly to it (1870)? 

15. Leaving . place in lat. 37° S., Ion. 151° E., I sail E.N.E. 
by compass 39 miles, with wind S.E., making IJ points leeway, 
variation 9° 20' E., deviation 5° W. The wind now shifts to 
the E., tod I change my course S.E.byS., and make 2 points 
leeway, and the deviation for this position of the ship's head is 
3° E., variation remaining the same. I sail for six hours at the 
rate of five miles, find my lat. and Ion. in (1870). 

Ana. Lat. 37° 7' 30" S. ; Ion. 151° 52' E. 

16. What is meant by resolving a traverse ? How would you 
prepare a table for this purpose? What is meant by the traverse 
table in the book of tables? On what formulae is it based 
(1871)? 

17. A ship saiHng from lat. 27° 30^ N., Ion. 14° 20' W., arrives 
at a place in lat. 29° 45' N., after making 66 miles easting : what 
is the Ion. arrived at (1871)? Ana, Lou. in 13° 5' W. 
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18. A ship is in lat. 25° 34' N., Ion. 92° 18' E., and afterwards 
sailed as under : — 

True Courses. Distances. 

W.byN. 34 miles 

N.N.W. 56 „ 

E.S.E. 46 „ 

S. 38 ff 

S.W.f-W. 75 „ 

Required the Ion. and lat. in. 

Am. Lat; 24° 52' N. ; Ion. 90° 58' E. 

19. What is meant by resolving a traverse? What is a traverse 
table? How is it constructed? Traverse tables are usually con- 
structed only for four points or 45°. Why is it unnecessary to 
carry it further? With what modification will the same table 
serve for points up to eight, and for degrees up to 90 (1868)? 

20. Resolve the following traverse after a ship has sailed 
S.W.byS. 20 miles; W. 16; N.W.byW. 28; S.S.E. 32; E.N.E. 
14; S.W. 36. 

YmA the difference of latitude, latitude in, departure, and dis- 
tance. Given latitude from 52° 18' N. 

Ana. Course S.W. ; dep. 50-7; diff. lat. 50-7'. 
.Latitude in 51° 27' 18" N. 

21. What is the position of a ship after sailing on the following 
courses and distances : — N.N.E. 40 miles; E.byS. 60 miles; S.E. 
70 miles; and S.W. 48 miles? 

Am. Diflf. lat. 58'-2 ; dep. 89*7 miles. 

Course S. 57** 1' E. ; dist. 106*9 miles. 

22. Find compass course and distance from A to B by the 
traverse tables only. 

Lat. A 52° 34' N. ; variation 22° W. ; Ion. 41° 18' W. 
Lat. B 51° 20' N.; Ion. 40° 57' W. 

Arh8, S. 12° W. ; distance 75 miles. 

23. Required the compass course and distance from A to B by 
the traverse tables only. Given : 

Lat. A 51° 10' S. ; variation 19° E. ; Ion. 168° 37' E. 
Lat. B 48° 31' S. ; deviation 8° W. ; Ion. 158° 42' E. 

Ans. Course W.byN. ; distance 414 miles. 

24. By the traverse tables only find the compass course and 
distance from A to B. Given : 

Lat. A 18° 28' N.; variation 2 points E. ; Ion. 148° 39' W. 
Lat. B 20° 5' N. ; Ion. 154° 17' W. 

Ana. Course W.J-S. ; distance 332 miles. 

25. Required* the course and distance from the Lizard to 
St Mary in the Azores by the traverse table only. 

Lat. Lizard 49° 58' N. ; Ion. 5° 12' W. 
Lat. St. Mary 36° 58' K ; Ion. 25° 12' W. 

Am. Course S: 49° W. ; distance 1188 miloa. 
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DAY'S WORK. 

22. The Day's "Work is that part of a sMp's reckoning 
written down from day to day, on board ships, in oixier 
to determine where the ship is. For this purpose an ac- 
count is kept of the courses and distances the ship runs 
during the day and night on a black-board, called the 
log-board, properly ruled and divided, and hung up in 
some convenient place. The first column on this log- 
board shows the hours ; the second and third, the knots 
and tenths the ship sails per hour ; the fourth shows the 
courses, by compass, on which the ship has sailed ; the 
fifth, the quarter from which the wind blows. 

23. .The log ought to be heaved every hour, but this is 
seldom the case, except in H. M. ships. 

The courses marked on the log-board being those 
steered by compass, in order to obtain the true course it 
is necessary to allow for variation, deviation, and leeway 
upon each course. 

Every day at noon the log-board ought to be tran- 
scribed into the log-bOOk (a book ruled exactly like the 
log-board, but with columns for leeway, remarks, etc.), 
then the courses should be corrected, and the distances 
summed up, and a traverse table formed with the cor- 
rected courses and distances ; this table, completed and re- 
solved by the methods given in traverse sailing, will give 
the total difierence of latitude, departure, course, distance, 
and latitude and longitude in. These obtained, it is usual 
to find the position of the ship, when possible, by astro- 
nomical observation ; if the dead reckoning agrees with 
the place of the ship as shown by these observations, so 
far good, but if they disagree, then the place of the ship, 
as found by the celestial observations, must be considered 
its true place. 

24. A Sea Journal is a book wherein is entered re- 
gularly each day's work, or the result of it, viz., the 
position of the ship for every day, with any remarkable 
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occurrence that may be noticed during the voyage, re- 
lating to atmospheric phenomena, objects seen, etc. 

We will now solve a couple of easy examples, the 
better to show how to answer one or two questions that 
are frequently given to elementary students. Every point 
of the day's work has been illustrated, and if the student 
has comprehended all that has been said before, he is 
master of it when he understands what is meant by De- 
partv/re Gowse and Current Course. 

Departure Course. — ^When a ship is leaving the land, 
the master notices the last«cape or headland in sight, and 
the direction it lies from his ship ; he also judges how 
far it is away, and puts these down in his log as his first 
course and distance, calling them the departure course 
and distance ; this is also known as talcing the depa/rture. 
The depa/rture cov/rse must always be inverted, because 
the master puts down the latitude and longitude of the 
headland, and reckons that his starting point. Hence, 
as to go to the place where the ship is from the head- 
land, he would have to sail on the exact opposite course 
to which the cape bears from him, he inverts it. 

Cu/rrent Cov/rse. — During the day the ship may get 
into a current,, the master must allow for its effect, or 
else at the end of the day he will not correctly ascertain 
the place of his vessel. It is customary to complete the 
day's work at noon, because then it is very easy to ascer- 
tain the latitude of the ship by celestial observations, and 
the variation of the compass mechanically. 

Notice particularly how the day's work is tabulated. 
The hours are numbered from noon of one day to noon 
of the next in the first column. In the second and third 
columns are placed the knots and decimals of a knot. 
Next come, in their proper order, the courses with the 
leeway and direction of the wind, so that it may be 
known which way to apply the leeway to the course. 
Lastly, come the deviation and variation, both of which 
affect the compass in the same manner. It is not a bad 
plan to mentally add or subtract the deviatu)n^ accord- 



ing as they are of the sotue or difierant names, to or 
from the variation before applying the latter. It will 
save a good number of fignres. 

1. gupposeavcsseliBlyinglOmileBoff the lizard, the maiter, 
in putting down hia departure course, ssjb : Lizard, lat. 49° 67' S., 
Ion. 5° 14' W., being N. 35° E., distant 10 mileB, deviation 8° Iff 
W. Suppose he then b^ by the following 1(^ account, his de- 
parture beinc taken at noon, let June, 1872, reqiuiod hu latitude 
and loDgitucb in at noon 2nd June, 1872. 
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Departure Course. 

s. 35° (y(y'W . 

or 35° 0' 0" r. of S. 
Deviation 8° 10^ 0^^ 1. 

26''50'0''r. of S. 
Variation 23° 30^ 0^^ L 

3° 20' 0" r. of S. 



Current Course. 
N.E. 45° 0'0"r. of N. 
Variation 23°30'0n. 

2V 30' 0" r. o f N. 
orN. 22° E. for 7 -5 miles. 



or S. 3° W. 
Ist Course. 

S.S.W. is22°30' O'r.ofS. 
Leeway.... 5^3^30" 

28° r30"r.ofS. 
Deviation . 8° 3y .n . 

19° 37' 30" r. of S. 
Variation 23° 30^ 0" 1. 

3° 62' 30' L of S. 



or 8. 4° B. 

2d Course. 

N. bvE. is iri5'0"r.ofN. 
Leeway .22°30'0" 1. 

ll°16'0"l.ofN. 
Deviation... 12° 40' 0" r 

1° 25' 0" r. of N. 
Variation ... 23° 30' 0" 1. 

22° 5' 0' 1. of N. 



or N. 22° W. 



3rd Course. 

S.S.E. i-E. is 30° 56' 15" 1. of S. 
Leeway ..11°'15' r 

42°ll'X5"l.ofS. 

Variation .23° 30' ^' 1. 

65° 41' 15 " 1. of S. 

Deviation .12° 50' 0" r. 

62° 51' 15^. of S. 
or S. 53° E. 
4th Course. 

E. byS. is 78° 45' 0"1. ofS. 
Leeway .16° 52' 30 " 

61° 52' 30" 1. of S. 
Deviation. . ..5° 30' " r. 

66° 22' 30" L of S. 
Variation .. .23° 30' " 1. 

79° 52' 30" 1. of S. 

S. 80° E. 



Q^arses. 


Dist. 


Diff. lat. 


Dep. 


N. 


8. 


E. 


W. 


S. 3°W. 
N. 22° E. 
S. 4° E. 
N. 22°W. 
S. 63° E. 
S. 80° E. 


10 
7-5 
21-7 
16-2 
33-8 
31-3 


6-9 
150 


10 

21-6 

20-3 
6-4 


2-8 
1-5 

27 
30-8 


•5 
6 



21-9 57-3 62 1 
21-9 6-5 

35-4 55-6 
Course S. 57"* E ; distance 66 miles. 



6-5 
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Latitude. Mid-latitude. Longitude. 

Lat. from49° 57' 0"N. 49^57' 0"N. Lon.from5°14' 0"W. 

Diff. lat. 35' 24" S. 49° 21' 36" Biflf. Ion. 1° 26' 30" E. 



Lat. in 49" 21' 36"N. 2) 99° 18' 36" Lon. in 3° 47' 30" W. 

Mid-lat. 49° 39' 18" 

90° (y 0" 

Co-mid-Iat. 40° 20' 42" 

In the departure course, let it be observed that 3° 20' 
we call 3^, the nearest degree; in the current course 
21° 30' we have called 22®, but with equal reason we 
might have called it 21®. It is customary, when there 
are minutes, to take the nearest degree for the course, 
14° 46' we caU 16®, but 14® 26' we caU 14°, and so on. 
In the current course the distance 7*5 is found by multi- 
plying 2i miles by the 3 hours. Observe that the variation, 
TAKEN fi'om the remcMrks, is allied both to tJie departure 
amd cwrrent courses. 

In the firstxourse we have S. 4® E. as the course and 
distance 21*7. The 21*7 is thus obtained: As the course 
is not changed till the beginning of the fifth hour, we 
reckon up the distances run during the first four hours, 
5*3 + 4*9 + 6*1 + 5*4 = 21*7. The course is changed at 
the beginning of the fifth hour, and continues till the 
end of the 9th, adding up the distances we get 
4-4 + 3*5 + 2*9 + 3 + 2*4 = 16-2, and so on with the other 
two, 33*8 and 31*3. - You finish precisely as in toaverse 
sailing. 

The annexed day's work v/as given as part of the 
Government examination paper. May, 1872. 
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2, May 15, 1872, at noon, a point of land in latitude 58° 20' S. 
and Ion. 74° Sff E. bore by compasa E. by N. i-N. distant 18 
milca, abip'shoadE.S.E., deviation 5° 'S5' E., afterwards sailed as 
by the following log account ; find the latitude and longitude in 
on May 16th at nooa (40.) 
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3. Jftn. 17, 1871, at noon, a point of kod in latitude 49°30'S., 
and Ion. 74°20'E., bore by compaaa E.S,E., distant 14 miles 
(ship's head S. , deviation 3" W W. ), afterwards sailed as by the 
following log account : find the latitude and longitude in on 
Jao. 18, 1871, at noon. (40.) (1S71.) 
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4. April IB, 1863, fttniMii,>poiiitoflutdinUtitnde4D*EC'N., 
and loDgitnde 6° 15' W., bore by oompau N.N.B., 10 milM 
dutMit, ftud then we tailed h follow* ; reqaired thto latitude and 
longitude in on April Kth, at noon (1663). 
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B. 8«pt«iiibep lOth, at uoon, & point of laud in lat. 69° 30* S., 
and Ion. 63° 16' B., bore by compasa N.N.W., distant SO 
miles, aftenraFda nailed aa by the following log accoont : find 
the Utitade and longitude in, at noon, on September lltb 
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6. April 9, 1604, at noon, apoint of land in latitude 54*30' 8., 
and longitude 44° 00' K, bore bv compoai N.N.E., distant 20 
niilea, Bnip'! head beii^ 8.E., duviation 1° BV K, aftenrardi 
tailed aa hy the fallowing log account: find the latitude and 
longitnde in on April 10th, at noon (1804). 
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miles, variation one point W., deviation F 5(K E., determine the 
ship's position from tne land (1870). 

Ans, Ship Ues N. 43'* 25' W., 29 miles from the land. 

8. A ship in lat. 18^35'S., Ion. 123'' 23' E., sails 226 S.W. \ 
W. by compass, deviation of the compass 6° 35' W., variation IJ- 
E. : mid the latitude and longitude arrived at (1867). 

Ans, Lat. m 20^* 24' 6" S. ; Ion. in 119''55'0''E. 

9. A ship sails from Odessa lat 46*" 30'N., Ion. 30*^45' E., and 
after 24 hours is in lat. 43'' 18' N., having made 135 miles of east- 
ing: required her compass course and distance. Variation 1} 
pomts W., deviation 6''25'E., leeway IJ points, wind S.S.W. 
(1869). 

Am. Course S. 13*' 24' 13" E. ; distance 235 miles. 
' 10. On June 4, at noon;^ I sighted a rock in lat. 39" 40' S., Ion. 
87*' 15' E., bearing N.N.E., distant 15 miles. Afterwards, during 
the next 24 hours, sailed as under, 37 miles E. by S., 44 miles 
E.N.E., 51 miles N. J W., and 29 miles E.S.E., what is the 
latitude and longitude in, on June 5, at noon (1869)? 

Ana. Course N. 70" E.; distance 102. 
Lat. in 39° 6' S. ; Ion. in 89" 17' E. 



PARALLEL SAILING. 

25. Parallel Sailing is sailing on the same parallel 
of latitude ; this is always the case when the slup goes 
due E. or W. At the equator, if a ship goes due E. or 
W., every 60 miles she goes she changes her longitude 1% 
but nowhere else is this true. At 45° N. or S. latitude, 
if a ship sails 60 miles due E. or "W., she changes her 
longitude nearly 1^ 25'. At 60^ N. or S., if a ship sails 
due E. or W. 60 miles, she changes her longitude 2^ or 
120'; whHe at 73°, by going 60 miles due E. or W., a 
vessel would change her longitude 3® 26'. A glance at 
the globe will show the reason of this in a moment. It 
will be observed that the meridians approach nearer and 
nearer to each other as they pass to the poles, so that the 
lengths of the degrees of longitude get smaller and 
smaller. The parallels of latitude are small circles, and 
the lon^tude is measured on these circles, so therefore 
as the circles vary and get smaller and smaller as they 
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near the poles, so the degrees of longitude vary and 
become shorter and shorter measured in miles. 

26. A great circle is a circle that divides the sphere 
into two hemispheres. The equator and all the meridians 
are great circles. 

27. A small circle of a sphere is a circle that divides 
it into two unequal parts, such as the tropics of Cancer 
and Capricorn, the Arctic and Antarctic circles, and all 
the parallels of latitude. 

28. The tropic of Cancer is a small circle at 23^ 
degrees N. of the equator; the tropic of Capricorn is the 
corresponding circle south of the equator. 

29. The Arctic circle is a small circle at 23^ degrees 
from the N. pole ; the Antarctic circle is the correspond- 
ing circle round the S. pole. 

Between the tropic of Cancer and the Arctic circles 
lies the north temperate zone; between the tropic of 
Capricorn and theAiitarctic circle lies the south temperate 
zone. 

Having given these few definitions, we will now prove 
the fundainental formula in parallel sailing. 

Meridian distance^ deference of Umgitude x Cos, latUwle, 

Let A B N represent a portion 
of the sphere ; the centre of the 
earth ; N the north pole. Let A aN 
and B6N be quadrants of two 
meridians. Let A B be an arc of 
the equator, and a & be an arc of a 
parallel of latitude. Join aO : then 
Aa or B6, or angle AOa, is the 
latitude of a or 6; A B is the differ- 
ence of longitude, and a 6 is the 
meridian distance between a and b ; 
A B O is the plane of the equator, 
and let abJ) be a plane parallel 
to the equator, therefore aD is parallel to AO, and 6D 
parallel to B 0^ and angle A B is equal to aD6« 




86 NAVIGATION. 

Now arcs which subtend equal angles, are to one 
another as the radii of the circle of which they are arcs j 

- ^^-^=^=^-.- A 0=aO both being radii of the sphere. 
arcAB AO oO * ^ 

=Sin. aOD 

=Co8. aOA 

• ^f^=Co8.aOA 
arc A£ 



• • 



• • 



but arc a 6 is the departure or meridian distance, arc 
AB is the difference of longitude, and angle aO A is 
latitude, 

••. Cos. aOA=Cos. lat. 

.-. °!!f- f^- =Cos. lat. 
din. Ion. 

• *. mer. dis. =Cos. lat. xdiff. Ion. 

.•. diff. Ion. =^5^1——: =mer. dis. x sec. lat. 
Cos. lat. 

If M = mer. dis., L = diff. long., we get the formula 
M = L X COS. I, by which all questions in parallel sailing 
may be solved. 

1. A vessel sails from A to B, required the compass conrse atid 
distance. Given : 

Lat. A 38" 42' N. ; var. 21° KV W. ; Ion. A 9"* 9' W. 
Lat. B38*'42'N.; dev. 8°12'E.; Ion. B iriO'W. 

As both places are on the same parallel of latitude, we 
have to sail on a parallel and go W. from a place (Lisbon) 
in W. longitude to one further west. 

Lat. 38 4i'iS. I Lo^ B 19° W W. 

Diff. Ion. 10° 1' W. 
60 

601 

Mer. dis =:difp. Ion. Cos. lat; 

M =601xCos. 38° 42' 

Log 601 =2-778874 

Log COS. 38° 42'... = 9-892334 

Log 469 =2-671208 

«*. li^ridian distance is 469 miles. 
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Now for compass coarse, true course is due W. 90° 0' 0" L of N. 

Variation W. 2r 10^ ^ r. 

68*^ 60' 0" 1. 
Deviation 8°12'0 ''l.- 

77° 2'0" \, of N. 
. . Compass C, N. 77° 2'0" W. 
Ans. Distance 469 miles C. C, N. 77° 21' W. 

From this problem the annexed rules for parallel sailing 
are deduced. 

(1) To find meridian distance — 

To log difference of longitude add log cosine of the 
latitude, omitting 10 from the index. The sum is the 
logarithm of the meridian distance. 

From problem (3) following. 

(2) To find latitude in parallel sailing, given meridian 
distance and difference of longitude. 

From log meridian distance, subtract log difference of 
longitude, mentally adding 10 to the index of the upper 
logarithm. The remainder is log Cos. latitude. 

(3) To find difference ofhngitvde (as in Ex. 4.)— 

To log meridian distance add log secant latitude, 
omitting 10 from the index. The sum is log. difference 
of longitude. 

2. Find the length of a degree of longitude in latitude 45°» 

Here difference of lon^tude is GO'. 

M = L. Cos. L 

M = 60 X Cos. 45 
Log GXS = 1-778161 
Log Cos. 45 = 9-849485 

Log 42-42= 1-627636 

Ans, 42-42 miles. 

3. Find in what latitude the length of a degree of longitude 
is 45 miles. 

M =L. Cos. lat. 
45 = 60 X Cos. I 

ti 1 ^^ 

Log 45 = 1-653213 

Log 60 = 1-77815 1 

Log Cos. 41° 25' = 9-875062 

Ans,, lat. 41° 25^ 
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4. In lat. 50"* 35' N. I sail due E. 340 xmles, how much do I 
change my longitude? 

M = L. Cos. I. 

340 = L. Cos. 60' 35' 

.•.L=340xSec. 50^35' 
Log 340... = 2-631479 
Sec. 60*'35' = 10197267 

Log 536-4 = 2-728736 
6,0 )536'-9 
Ans, 8" 65' 64" of longitude. 

5. Suppose the longitude from which the ship started is 140° 
56' E., let us now find the longitude of the ship. 

Lon. from 140'' 56' 0" E. 
Diff. of Ion. 8° 55' 54" B. 

Lon. m 149* 61' 54""E: 

6. A and B lie on the same parallel of 34** 33' S. 

Give lon. of A 18° 24' E. 
Give lon. of B 2° 9' W. 
^yhat is the distance between them in nautical miles (1868)? 

Lat. 34° 33' S. Lon. A 18° 24' E. 

B 2° 9' W. 

Diflf. lon. 20° 33' 
60 

1233 
M = L. Cos. I 

= 1233 X Cos. 34° 33' 

Log 1233 = 3090963 

Log Cos. 34° 33' = 9915733 

Log 1016 = 3-006696 

Distance between A and B is 1015 miles. 

7. What are the compass courses and distances of a ship that 
makes 54 miles westing, then 80 miles northing, from Swan Kiver, 
lat. 32° 3' S., lon. 115° 45' E., var., 18° E., dev. 4° 6' B., in the 
first case, and 3° 10' W. in second. 

M = L. Cos. I 

54 =L. Cos. 32° 3' 

.•.L=54xSec. 32°3' 
Log 54 = 1-732394 

Log Sec. 32° 3' = 10071817 

Diff. lon. 63-71= 1-804211 

Lon. from 116° 45' 0" E. 
Diff. lon. 1° 3'42"W. 

Lon. in 114° 41' 18" B. 
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Being in lat. 32' 3' S. and Ion. 114' 41' IS'' E., the ship wont 
80 miles north, now to find the lat. in 

Lat. from 32' 3' 0" S. 
Diff. lat. V 20' 0' N. 

Lat. in 30' 43' 0" S. 

(1) Compass course. (2) Compass course. 

W is 90* 0' 0" r. of S. 0' 0' 0" from N. 

Var. E. 18' 0' ' 1. Var. E. 18' 0' ^' 1. 

72' 0' 0" r 18' 0' 0" 1. 

Dev. E. 4'5'0'1 . Dev. W. 3'10'0'r. 

C. C. 67' 65' 0" r. of S. 0. C. 14" 50' ' 1. of N. 

Two courses S. 67° 55' W., and N. 14' 15' W. 

8. With what velocity does the earth travel at the equator ? 

Velocity is generally reckoned in feet per second, but our units 
in this answer will be milea and hours. 

In 24 hours the earth moves through 360' 

In 1 hour. „ „ ^=15' 

In 1 degree there are 60 miles. 

In 15 degrees tnere are 60 x 15 = 900 miles. 

And this is the velocity of the earth in miles per hour at the 
eq^uator. If we calculate for latitude 60' we shall have 450 
miles, thus — 

M = L. Cos. lat. 

M = 900 X Cos. 60' 
Log 900 = 2-954243 
Log Cos. 60' =9-698970 

"' VeL is450 = 2-653213 

9. Prove that meridian distance is equal to difference of longi- 
tude multiplied by the cosine of the latitude (1863). 

10. Eequired the compass course and distance from A to B 
(1865). Given: 

Lat. A 52« 15' S.; var. li points W.j Ion. A 37^ 30' W. 
Lat. B 52° 15' S. : dev. 8° 50' W.; Ion. B 48° 18' W. 

Ans. Course N. 64' 17' 30" W. ; distance 396-7 nules. 

11. What is meant by a parallel of latitude? and show that 
the length of a degree of longitude in latitude I is to the length 
of a degree of longitude at tne equator as Cos. L : 1. In what 
latitude are the lengths of a degree of longitude 30 and 20 miles 
respectively (1864). 

Am. W and 70' 3U 43:' 
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12. Show that in parallel sailing dis. = diff. Ion. x Cos. lat. 
(1865). • 

In travelling 35 nautical miles on the parallel 55^ 25' N., how 
much do I chfmge my longitude (1867)? 

Ans. 61' -6 ; or V V 36" 

13. A and B lie on the parallel of 58** 30' N. 

Given Ion. A 15° 12' E. 
Given Ion. B 13* 18' W. 

What is the distance between them in nautical miles (1868) ? 

Ans, 893*4 miles. 

14. Define a great circle and a small circle of a sphere, giving 
an example of each. What connection is there between the 
tropic of cancer and the arctic circle (1870)? 

15. Find the true course and distance from A to B. 

Lat. of A 54° 25' S.; Ion. A 15° 30' E. 
Lat. of B 54" 25' S.; Ion. B 9* 15' W. 

Ans, Course W., distance 864'1 miles. 

16. What are the true course and distance of a ship which 
makes 65 miles southing and 75 miles easting (1870) ? 

S. 49' 5' E. 99-24 miles. 

17. What are the compass course and distance from A to B ? 
Given : 

Lat. A 25' 18' S.; Ion. A 145' 12' E.; var. IJ pts. E. 
Lat B 25° 18' S.; Ion. B 136° 18' E.; dev. 11° 25' W. 

AnB. Course S. 87° 21' 45" W.; distance 4827 miles. 

18. How are the compass course and distance found when a 
ship sails (1) on a parallel? (2) on a meridian? Prove the rules 
where necessary (1865). 

19. Eequired the compass course and distance from A to B 
(1866). 

Lat. A 28° 40' N.; var. If pts. W.; Ion. A 2° 20' E. 
Lat; B 28° 40' N. ; dev. 8° 50' E. ; Ion. B 4° 10' E. 

Am. Course S. 79° 8' 45" E.; distance 96*5 miles. 

20. A ship is m latitude 35° 30' S,, longitude 27° 28' W., and is 
to sail in a due E. direction 301 miles, wmit is the compass course 
she must steer and Ion. in, variation 1| points E, deviation 
8° 50' E. (1866) ? 

Am, Course N. 61° 28' 45" E. ; Ion. in 21° 18* 18" W. 

21. A ship in latitude 49" 35' N., longitude 8° 40' W., sails due 
S. 15 miles, and then alters her course due E. for 25 miles, what 
are her latitude and longitude in? What course must she be 
steered by the ship's standard compass, allowing 25° 49' W. for 
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deviation in the first position of her head, and 12° SO' E. in the 
second (1869)? 

Ans. Lat. in 49° 20' N. ; Ion. in 8° 6' 39" W. 
Courses S. 25° 49' W. and N. 77° 10' E. 

22. How far must a ship sail due E. in latitude 70° to change her 
longitude 5°. 

' Ans. 102*6 miles. 

23. In what latitude is it that every time a ship goes 8 miles 
she changes her longitude 9*5 miles. 

Am. 32° 38' (lat.) 

24. A ship changes her longitude 1° when she has only sailed 
miles, what is the latitude ? 

-4 w, 33° 33' (lat.) 



MIDDLE LATITUDE SAILING. 

80. In parallel sailing We showed that the meridian 
distance was equal to the difference of longitude multi- 
plied by the cosine of the latitude. Middle latitude 
sailing uses parallel sailing to correct the errors in plane 
sailing, which is in error from the fact that plane sailing 
assumes the earth to be a plane. By combining, then, 
parallel and plane latitude sailing, we partially correct 
the errors introduced by this assumption. 

(a) When a ship sails due north or south, she, keeping 
on the same meridian, merely alters her latitude without 
producing any effect on the longitude; the distance she 
runs is her difference of latitude, which being properly 
applied to the " latitude from," gives the " latitude in." 

(6) When a ship sails due east or west she keeps ilpon 
the same parallel and so alters not her latitude, she only 
changes her longitude; the difference of longitude she 
has made is determined by the equation M = L Cos. I; 
so, knowing the distance she has sailed we can find the 
longitude in, or knowing the meridian left and arrived 
at, we can find the difference of longitude. 

(c) When a ship sails neither on a parallel nor on a 
meridian, but on an obliaue course, or on a rhumb line 
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at an angle with the meridians, she alters both her latitude 
and longitada 

It is the province of middle latitude sailing to show 
how in this latter case the course, distance, departure, 
difference of latitude, latitude in, and longitude in, are 
found when certain of these quantities are given. 

In parallel sailing we have had 
M = L X Ck)s. /, in middle latitude 
sailing we write this Dep. == difil 
Ion. X Cos. mid-lat., or mer. dis. = 
diff. Ion. X Cos. mid-lat. The adap- 
tation of the formula is founded on 
the consideration that the arc of the 
parallel in the middle latitude of 
two places, intercepted between 
their two meridians, is very nearly 
equal to the departure between the 
two places. 

Let F be the pole of the earth. A and B two places 
on the earth's surface. F E and F Q the meridians pass- 
ing over the two places A and B. E Q the arc dt the 
equator intercepted between A and B. 

Let A a and B 5 be arcs of the parallels of latitude 
passing through A and B, and dp the parallel of latitude 
passing through the middle place between A and B. 

Then, if a ship be supposed to sail on a rhumb line 
from A to B, her departure will evidently be greater than 
B 5, but less than A a, and is in many cases veiy nearly 
equal to dp, the departure in the middle latitude. 

Hence dp =E Q CJos. E d, 
.*. dep, or mer. di8,=diS. long, x Cos. mid-lat. 

This formula is not exactly correct, but is sufficiently 
so for all practical purposes. We will show presently 
when the greatest amount of error exists. There is, 
however, some third parallel between those passing 
through A and B, by using which, to compute iie dis- 
tance between the two meridians, will give the exact 
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distance required. At a great distance from the pole, or 
near the equator, and when the difference of latitude is 
small, or where the course is greater than 45^, this third 
parallel, is found nearly in the middle, between the two, 
but always a little nearer the pole. For this reason, and 
from an inspection of our figure, we come to these con- 
clusions, that middle latitude sailing should not be used 
in high latitudes when the course is near the meridian, 
nor when the places are one on one side of the equator, 
and the other on the other; but it may be employed with 
exactitude when the places are on the same side of the 
equator, in low latitudes, and when the course is greater 
than 45°. 

We now repeat succinctly much that has been said, 
and let the reader, if he does not thoroughly imderstand 
what we now say, begin the chapter again. No time will 
be lost by so doing. 

The departure made by sailing on a rhumb line between 
two places on the earth's surface, is equal to the distance 
of tie nieridians of the two places reckoned on the 
parallel of latitude, which lies midway between the 
parallels on which the two places lie. And although 
this supposition is not strictly correct, for the mean of 
the cosines of the two latitudes is not exactly the cosine 
of the arithmetic mean of those latitudes, nor is the de- 
parture on the rhumb cutting the two meridians precisely 
equal to that in the mean position, but it is equal to that 
in a somewhat higher latitude; yet, when the places are 
in low latitudes, or not far from the equator, and when 
the parallels are close to each other, the error arising 
from the assumption made in middle latitude sailing is 
very small, and does not sensibly affect the nautical con- 
clusions drawn from it. 

We will now indicate the chief formula used in middle 
latitude sailing, and then give a few illustrations drawn 
from examination papers. Before proceeding, let us 
insist upon the necessity, in all cases, of drawing the 
tnangle before any attempt is made to solve the problems; 
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and that it is most needful for a firm grounding in this 
subject for the student to pick out the rules from the 
triangle and not from his memory. 

Mer. dis. =di£F. Ion. x cos. lat. 
Dep. or mer. dis. =diflf. Ion. x cos. mid-lat. (Z), 
By plane sailing, 

Tan. conr8e= ,.1^P- 
diff. lat. 

. T-^ «^„^^_difif. Ion. X COS. mid-lat. /*% 
,*. ian. course = — — (A), 

diflf. lat. ^ ' 

From (Z) diff. Ion. = dep. x sec. mid-lat. 
By plane sailing, de}). = dis. x sin. course. 
.*. diff. Ion. =d^. X sin. C. x sec. mid-lat. (B). 

Every problem in middle latitude sailing will resolve 
itself into one of the three cases, Z, A, or B, but the 
most important are A and B. It is as well to call atten- 
tion to the circiunstance, that the aim in all we have under 
consideration is to show how the longitude may be obtained 
with the greatest accuracy. 

It is a common practice with writers on navigation to 
lay down rules showing when middle latitude sailing 
should be used, and when not; and then to go directly in 
their examples and illustrations and fall into the very 
error themselves, taking no notice of the rules laid down. 
In our illustrations we will try to avoid this error. 
Again, in the government examinations it is a very com- 
mon practice to ask for the course and distance from a 
certain latitude and longitude to another differing both 
in latitude and longitude, leaving it to the option of the 
student whether he will work by middle latitude or Mer- 
cator*s sailing. The safest way in all these cases is to 
use Mercator*s sailing. But it is open to the student to 
exercise a little discrimination. Generally, if the latitudes 
are high, use Mercator*s sailings; but if low, and the 
difference of longitude is greater than the difference of 
latitude, or it would have been more correct to say, the 
meridian distance greater than the difference of latitude, 
the student may, if he prefer, solve the question by middle 
latitude sailing. 
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1. Kequited the compass course and distance from Cape Negro, 
latitude 15** 50' S., longitude 11** 30' E., to Cape St. Koque, 
latitude 5" 15' S., longitude 34° 30' W. (1864). This question 
is incomplete, we complete it thus : variation 19" 10' W., devia- 
tion 7* 15' W. 

Diff. lat. Mid-lat. DiflF. Ion. 

Cape Negro, lat. 15° 60' S. 15° 60' S. Longitude 11° 30' E. 
CapeSt.Roque, „ 5° 1 5' S. 5° 15' S. „ - 34° 30' W. 

10° 35' 2 )21° 5' 46° 0' W, 

60 10° 32i' mid-lat. 60 

Miles, 635 S. Diff. Ion. 2760 W. 

To find course: 
Tan C = ^-^ — dep. _ diff. Ion, x Cos. mid-lat. 
~ AC "diff. lat. ~ diff. lat. 

Log 2760 diff. Ion 3440909 

Log Cos. 10° 32i' mid-lat 9 992608 

13-433517 
Log 635 diff. lat 2-802774 

Log tan. 76° 49' course. 10-630743 




Cos. C= 



AC. 



.•.Cos. C= 



]^C. 

diff. lat. 
dis. 



.'. distance = diff. lat. xsec. C. 

Log 635 diff. lat 2-802774 

Sec. 76° 49' course, 10-64193 6 

Log 2784 dist 3-444710 
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True course S. 76° 49' W. is 76* 4^ r. of S. 

Variation, 19** 10' r. 

Deviation, 7° 15 ^ r. 

103'' 14' r. of S. 
180° 0' 

76° 46' 1. of N. 
Ans, Compass course N. 76° 46' W; distance, 2784 milea. 

Rules foe Middle Latitude Sailing. 

To find course: to log difference of longitude *add log 
COS. mid-latitude, from this subtract log difference of lati- 
tude, the remainder is log tan. course. 

To find depa/rttcre: to log difference of longitude add 
log COS. mid-latitude, the simi, omitting 10, is the log of 
the departure. 

To find distance: to log difference of latitude add log 
secant course, the sum, omitting 10, is log distance. 

To fi/nd difference of longitude: add together log dis- 
tance, log sine course, and log secant mid-latitude, omitting 
10, the sum is log difference of longitude. 

2. Bequired the compass course and distance from A to B 
(1866). 

From A to B would be across the land, but it was set in 
1866. 

Lat. A 48° 15' ) ^ variation IJ pts. W. ; Ion. A 12° 23' ) ^^ 
Lat. B 43° 18' \^'' deviation 5° 35' E. ; Ion. B 30° 16' \ ^ 

Diff. lat Mid-lat. Diflf. Ion. 

A is m lat. 48° 15' N. 48° 15' N. Longitude 12° 23' E, 

B is in lat. 43° 18' N. 4.3° 18' N. Longitude 30° 15' E. 

4° 57' 2) 91" 33' 17° 62' 

?? 45° 46i' mid-lat. 52 

Diff. lat. 297 miles S. Diff. long. 1072' E. 

rv n ^ A B dep. diflf. Ion. x Cos. mid-lat. 
Tan. Cowse = ^ ^ = -^r^ = ^^^ 

See last figure. 

Log 1072 diflf. Ion 3030195 

Log Cos. 45° 461' mid-lat 9-843531 

12 *873726 
Log297 diflf. lat 2-472756 

Log tan. 68° 20' course 10 400970 
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For distanoe. For compass course. 

^ ^ A diflF. lat. True course S. 68°20'Eis 68' 20' 1. of S. 

^* ^ = C B=di8tance. Variation l6^52fWT. 

. •. dis. = diflF. lat. x Sec. C. 4r 47' 30" I 

Log 297 diflF. lat. 2-472766 Deviation 6^35' O^'l. 

Log Se c, course 10-4 32731 47" 22' 30" L 

Log 804-4 dist. 2-905487 

Ane. Compass course S. 47*" 22' 30" E. ; distance 804 -4 miles. 

3. Eequired the course and distance from A to B. Given : 

Lat. A 45** 18' N. ; var. of compass I J pts. R ; Ion. A 36* 16" E. 
Lat. B 29' 27' N. ; deviation 2* 30' E. ; Ion. B. 57° 18' E. (1866). 

This is also across the land and set in 1866. 

Diir. oflftt Hid-Iat. Diff. loo. 

Lat. of A 45'* 18' N. 45* 18' N. Lon. 36* 15' E. 
Lat. of B 29*27' N. 19* 27' N. Lon. 57* 18' R 

15* 51' 2 )64* 45' 21* 3' B. 

60 32° 224 mid-lat. 60 

Miles 951 S. DiflF. lon. 1263' E. 

Tan. course = "^ = -^-i- = diflF. lon. x Cos. mid-lat. 

AC diflF. lat. diflF. lat. . ^ 

Log 1263 diflF. lon 3*101403 

Log Cos. 32* 22'i mid-lat ... 9926632 

3028035 

Log 951 diflF. lat 2*978181 

Log tan. 4817' Course .... 10049854 

For distance. For compass. 

n^ r«^„^^_ A C_ diflF. lat. True course is S. 48* 17' E. 
uos.oourse_^^ g^-^ or 48* 17' 0"LpfS. 

.'. Dis. = diflF. lat. X Sec. course Variation... ^^° 52' 80" L 
Log 951 diflF. lat. 2978181 65* 9'30"1. 

Log sec. 48* 17' 10176886 Deviation... 2*30' 0"1. 

Log 1429 dist 3155067 67* 39' 30" L of S. 

Ana, Compass course S. 67** 39' 30" E. ; distance 1429 miles. 

4. A master wishes to go from the Cape of Gk>od Hope, latitude 
34* 22' S., longitude 18* 24' E., to Berkley Sound, in the Falk- 
land Isles, latuiude 52* 21' S., longitude 59* 18' W., find the tme 
course he must steer and the distuice. 

20 E o 
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Cape of Good Hope, lat. 34* 22' S. 34'' 22' Ion. 18** 24' R 

Berkley Sound, lat. 52° 21' S. 52° 21' Ion. 59° 18 ' W. 

17° 59' 2 )86° 43' IT 42' 

60 43° 21 J' _60^ 
1079 S. 4662 W. 

Tan C — ^^' ^^^' ^ ^^^' °^<^-~^^^' 

diff. lat. 

Log 4662 diff. Ion 3-668578 

Log Cos. 43° 21'i mid. -lat.... 9861579 

13-530151 
Log 1079 di£F. lat 3033021 

Log tan. 72° 20' course 10-497130 

Dist. = diflf. lat. x Sec. course. 

Log. 1079 diff. lat 3033021 

Log, sec. 72° 20' course 10-517872 

Log. 3555 -4 distance 3 -550893 

Ivs, Course S. 72° 20' W.; distance 3555-4 miles. 

5. Explain the principle and prove the roles of middle latitude 
Bailing (1861). 

6. Kequired the compass course and distance from A to B. 
Lat. A 55° 40' ) ^ . ^^^ , , ^ . Ion. A 29° 39' ) ^ ,,jw»,. 
Lat. B 57'^ 50' 1 ^- 5 ^^- ^^ ^' ' Ion. B 34° 15' \ ^' ^^^)' 

Compass course N. 66° 13' 30" W.; distance 199*4 miles. 

7. Bequired the compass course and distance from A to B. 
Lat. A 9° 30' ) T^ . ^^^ ,« .„ t^ . Ion. A 72° 15' ) ^^ ,,«^,. 
Lat. B 14° l(y\^'' ^^- ^2 P*^- ^-J Ion. B 65° 40' \ ^' ^^^^• 

Compass course N. 73° 46' 15" W., distance 477-3 miles. 

8. What is meant by middle latitude sailing? obtain the for- 
mulsB required for it. 

Bequired the true course and distance from A to B, the lati- 
tude of A 67° 35' N., and longitude 17'' 16' W., and latitude of 
B 55° 25' N., longitude 20* 57' W. (1863). 

Ans. True course S. 43° 26' W., distance 178*2 miles. 

9. Find the compass course and distance between A and B. 
Lat. A 33° 18' S. ; Ion. A 72° 0' W. ; var. 16° E. 

Lat. B 42° 3' S. ; Ion. B 173° 30' E. ; dev. 9° 25' E. (1870). 
Ans. Course S. 59° 4' W., distance 5461 mil^. 

10. Write down the formulae for middle latitude sailing. Under 
what limitations would you apply this method? (see p. 93) 
(1866). 

Bequired the compass course and distance from A to B. 
Lat. of A 15° 20' ) « var. 2i pts. W. ; Ion. A 4' 10' E. 
Lat. of B 19° 40' } "• ' dev. 7" 50' W. ; Ion. B 1° 20' W. (1866). 
Ane, Compass course S. 86° 23' 30" W., distance 408*1 miles. 
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11. What is the compass course and distance between A and B? 
Given : 

Lat. A 35* 18' S.; Ion. A 171° 20* W.; var. of compass IJ pts. W. 
Lat. B ST 14' S.; Ion. B 175' 18' E. ; dev. 10* E. (1871). 

Ana. Compass course N. 67** 41' W W., distance 691*4 mUes. 



MERCATOR'S SAILING 

Under the head of middle sailing it was pointed out 
that the rules there given should be used under certain 
restrictions, we now come to rules in navigation subject 
to no such restrictions. Mercator's sailing gives us for- 
mulse for finding the course, distance, and difierence of 
longitude under such conditions that we may take them 
as correct ; not perfectly so, but yet so near the truth 
that there never need be any doubt as to the accuracy of 
the results obtained. 

31. Mercator's Sailing is sailing a ship on the prin- 
ciples laid down, by Gerard Mercator; or, perhaps more 
strictly, we may define it as finding a ship's course, dis- 
tance, and longitude on the principles laid down by 
Mercator. 

Mercator first taught how to construct charts in which 
the parallels, meridians, and rhumb lines are all repre- 
sented by straight lines. 

To an Englishman, Mr. Edw. Wright, is due the 
honour of first showing how these should be laid down 
with mathematical accuracy. 

In Mercator's charts the meridians are all drawn par- 
allel to each other. The consequence of this is, that 
their distances asunder are nowhere correct but at the 
equator ; in all other parts of the world, as we proceed 
farther and farther from the equator, the error increases 
more and more. In all cases, except at the equator, as 
we said before, the meridians are too far apart ; to com- 
pensate for this the degrees of latitude are made to 
increase in length from the equator to the poles, 



100 NAVIGATION. 

It has been shown in parallel sailiiig that 

Meridian distance = difF. Ion. x Cos. latitude. 
. *. difif. of Ion. = meridian dia. x Sec. lat. 

Hence it is evident that if we make 

Mer. dis. = diff. of Ion. 
that we must increase the meridian distance in the ratio 
of the secant of the latitude. Now, when the meridians 
are drawn parallel to each other, the degrees or minutes 
of longitude are everywhere the same length, being in- 
creased in the ratio of the secant of the latitude, there- 
fore the lengths of the degrees of latitude measiu*ed on 
the meridians must be increased by a proportionate 
length. Hence the first mile of latitude from the 
equator will be represented by 1' x Sec. 1'; the second 
by 1' X Sec. 2'; the third by 1' x Sec. 3' ; the nth by 1' x 
Sec. n. 

Therefore the distance of any parallel from the equator 
is given by taking the sum of all the natural secants. 
Sec. 1' + Sec. 2' + Sec. 3' +to n terms, and multiplying 
by 1'. This method of finding the meridional parts is 
not strictly accurate, because the earth is not a perfect 
sphere, and the degrees of latitude measured on the meri- 
dians become a little longer as we approach the poles, 
but the error is of no consequence whatever in those 
latitudes in which it is practicable to sail a ship. 

32. Meridional Difference of Latitude is the true 
difference of latiivde increased in the ratio of the secant oj 
the latitude. 

We repeat a little. At the earth's equator a degree 
of longitude is equal in length to a degree of latitude; but 
as we recede from the equator and approach the poles, 
the degrees of longitude become less and less, while the 
degrees of latitude, supposing the earth to be a perfect 
sphere, remain the same. Now, in Mercator's projection 
of the earth on a plane, the degrees of latitude are severe 
ally increased in the same proportion as the degrees of 
longitude have been, by making them everywhere equal 
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A formula will be investigated in the Advanced Work 
of this series, which shall give the value in miles of any 
latitude thus increased. The miles contained in the lati- 
tude so increased are called the meridional parts for that 
latitude. The annexed is the formula alluded to : — 

Log m = log (log Cot. i-Co-lat. - 10) + 3-8984896, 

where m is the meridional parts required. 

Suppose a ship to start from A and run to a place P. 
Now on a sphere the distance between A and P would be 
A P, the difference of latitude A C, and the departure 
CP. 

We must now show how to represent a triangle similar 
to this on a Mercator's chart. Since the latitude and 
longitude on the chart are 
proportionally increased, the 
space required to represent 
the 180** of latitude and 
360° of longitude on a plane 
would be greater than the 
surface required to represent 
the same extent of latitude 
and longitude on a sphere, 
by the difference between 
the areas of the requisite 
rectangular spaces on the 
chart, and the areas of two 
inscribed circles touching 
each other and three sides of the rectangle. For this 
reason, the line representing the difference of latitude on 
a sphere is less than the corresponding line on Mercator. 
Also, the line representing the departure on the sphere 
becomes the difference of longitude on Mcrcator's charts ; 
for since departure may be assumed as the sum of the in- 
finitely small parts of parallels which form the sides of 
right-angled triangles, the other sides of which are infin- 
itely small parts of the rhumb line and arcs of meridians; 
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and since in Mercator the degrees of longitude may be 
measured along any parallel, the sum of such arcs of the 
parallels on a sphere would in Mercator be represented 
by the sum of the differences of longitude taken at any 
distance from each other; that is, the departure on the 
sphere is represented by the difference of longitude on 
Mercator. That the distance on Mercator would be 
represented by a longer line than when represented on 
the sphere, is shown by reason of the difference of area 
required for the representation of the whole surface of 
the earth on a plane and on a sphere. 

Let the foregoing figure represent a portion of the sur- 
face of the earth on Mercator's projection, where ACC is 
an arc of the meridian, and AF tibe distance sailed by a 
ship on a rhumb line. Let CP be a parallel of latitude 
passing over P. Then will angle CAP be the ship's 
course, AC the true difference of latitude made by the 
ship, and CP the departure. 

Let AC represent the meridional parts corresponding 
to the true difference of latitude AC, and complete the 
figure by drawing CP' parallel to CP, meeting AP pro- 
duced in P'. It can easily be proved that if CP' repre- 
sent the difference of longitude AP and PP' form one 
straight line, when the former is joined to P' 

AC is the meridional difference of latitude. 
AC ,, ,, true ,, ,, „ 

CP „ „ departure. 
CT' ,, ,, difference of lonmtude. 

Tan Course - ^'^' .. difference of longitude , j 
AC Meridional diff. of lot. 

, '. diff. Ion. =mer. diff. lat. x Tan. course. II. 

When the course is found we use the true difference 
of latitude to find distance. 

Cos. Course =.^iLi!^ 

distance. 

. '. dist. = diff. lat. x Secant course. 
I3iese are all the rules necessary for Mercator's sailing. 

1. March 12,at5.20p.m.,IleayeStAnn'8Headialat.5r4rN., 



hebcatob's sailing. 103 

Ion. S'* y W. for Land»s End, in lat. 60' 4' N., Ion. 6* 42' W., 
how must I steer by compass ? allowing 23° westerly variation, 3° 
W. for deviation, and J point leeway, the wind being E.S.E. 
What distance shall I run, and when shall I arrive, supposing 
that my rate of sailing is 10 knots an hour (1869) ? 

Diff. lat. M. P. DifH Ion. 

St Ann's Head,.. ..Lat. 61° 41' N. 3635 Lon. 5° 9' W. 
Land's End, Lat. 50° 4' N . 3481 Lon. 5° 42' W . 

True diff. of lat. V 37' 164 diff. Ion. 33' W. 

60 

97 S. 

Tan. C. = 

mer. din. lat. 

Log 33, diff. lon 1-518614 

Log 154, mer. diff. lat 2-187521 

Log Tan. 12° 6' Course = 9*330993 

Dist. = true diff. lat. x Sec. Course. 

Log 97, diff. lat 1-986772 

Log Sec. 12° 5' Course.... 10 009730 

Log 99-19 miles 1-996638 

True Course S. 12° 5' W. ; distance 99 miles. 

Compass Course. 
True Course... 12° 5' 0" r. of S. 
Variation 23° 0' (Y' t . 

35° 5' 0" r. of S. 
Deviation 3° 0' O' r . of S. 

38° 5' 0" r. of S. 
Leeway 2° 48' 45^' L 

35° 16' 16" r. of S. 

Compass Course S. 36° 16' 15" W. 

Time of sailing =-2q— 

= 9*9 hours. 

Started on March 12 at 6h. 20m. 
Time going 9h. 55m. 

12 at...l6h. 15m. 
Or i past 3 in the morning. 

We will explain fully how this problem is worked. 
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(1) Put down the latitude and longitude as above, 
and find the differences of latitude and longitude, and 
take out the meridional parts from the table-book, puttmg 
them opposite the latitudes to which they correspond. 

(a) To find the difference of latitude when both are 
N., or both S., subtract for the difference ; but if one 
be north and the other south, add for the difference. 

I^ote, — K you add the latitudes together add the 
meridional parts together ; if you subtract one pair sub- 
tract the other. 

(2) Find the conjt/rse, — Prom logarithm difference of 
longitude subtract logarithm of meridional difference of 
latitude, mentally adding 10 to the index of the first 
logarithm ; the remainder is the tangent of the course 
which must be taken out from the tables. 

(3) To find distance, — To the logarithm of the true 
(lifierence of latitude add log secant course (omitting 10 
in the index), the sum gives log distance to be found in 
the tables. 

(4) Find the compass course as before, remembering to 
allow leeway towa/rds the wind. 

2. Find the compass course and distance from A to B. 
Given : 

Lat. A 30* 18' S. ; var. 1 pt. E. ; Ion. A W 18' W. 
„ B 2V 33' N. ; dev. &* 15' E. ; „ B 3' 17' E. (1868). 

Diff. lat. M. P. Diff. Ion. 

Lat. A 30° 18' S. 1909 Lon. A 17" 18' W. 

„ B 21° 33' y . 1325 „ B 3M7' E . 

51° 51' 3234 20° 35' 

60 60 



True diff. lat. 3111 N. Diff. Ion. 1235 E. 

Tan C = ^^- ^^' 

M. D. of lat. Dis. =true diff. lat. x Sec. C. 

Log. 1235 diff. lon 3091667 Log. 3111 diff. lat. 3-492900 

Log. 3234 M. D. of lat. 3 509740 „ Sec. 20° 54' course 10029558 

Log. Tan. 20° 54' course 9581927 Log. 3330 dist 3*522458 

True Course, N. 20* 54' E. ; distance, 3330 miles. 
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Compass Course. 
True Course, 20" 54' 0" r. of N. 
Variation,.... 11° 15' ^' 1. 

9° 39' 0" r. of N. 
Deviation,... 6° 15' (V' 1. 

Compass Course, 3° 24' 0" r. of N. or N. 3** 24' E. 

Observations on this question, — It will perhaps be noted 
that this question would leave the vessel in the S. of the 
Sahara desert ! So it must have therefore been simply- 
given as an illustration of the rules. 

One latitude being N. and the other S., they are added 
together to find the difference of latitude, hence the meri- 
dional parts ai'e added. 

The longitudes beiug one east and the other west, are 
also added to find the difference. 

The course is marked N.E., because the ship goes from 
S. to N. latitude and from W. to E. longitude. 

Course, distance, and compass course are found as in 
the previous question. 

3. A shi]^ sails from latitude 37' 18' N., longitude 49° 27' W., * 
in a direction N.N.W. 470 miles; what are her latitude and 
longitude in? and what course must she now steer for New York, 
lat. 40° 42' N., longitude 73° 59' W. (1869)? 

Here we must first find difference of latitude by plane 
sailing, and then latitude in; then difference of longitude 
and longitude in; next course to New York. 

Diff. lat. = dis. x Cos. course. diff. Ion. =mer. diff. lat. x Tan. C. 

Log 470 dis 2 -672098 Log 576 mer. diflf. lat. 2 -760422 

Cos. 2 pts. course, 9-965615 Log Tan. 2 pts. course 9-617224 

Log. 434-2 diflf. lat. 2-637713 Log 238-5 diflf. Ion, .... 2377646 

Lat. in. M. P. Lon. in. 

Lat. from 37° 18' 0" N. 2415 Lon. from .... 49° 27' 0" W. 

Diflf. lat. (434-2) 7° 14' 2^' N . Diff. lon. (238 -5) 3° 58' 30" W. 

Lat. in 44° 32' 2" N. 2991 Lon. m 63° 25' 30" W. 

676 

We have now to find course from latitude 44° 32' 2" N., 
longitude 53° 25' 30'' W., to New York, lat. 40° 42' N., 
longitude 73° 59' W. 
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Difif. lat. M. P. Difif. Ion. 

Lat. from 44"* 32' 2" N. 2991 Lon. from 63" 25' 30" W. 

Lat. N. Y 40° 42' O' N. 2678 Lon. N. Y. 73° 59' ' W . 

3" 50' 2" 313 20" 33' 30" 

60 60 

True diff. lat. 230*2 S. Difif. lon. 1233*5 W. 

m p _ difif. Ion. Distance. 

*^ mer. difif. lat. Dis.= difif. lat. Sec. course. 

Log. 1233-5 difif. long. 3090980 Log. 230*2 difif. lat. 2*362106 
Log. 313 M. D. lat. ... 2*495544 Log. Sec. 75° 46' C. 10*608794 

Log. Tan. 75° 45' C... 10*595436 Log. 9351 dist 2*970899 

True course to New York, S. 75° 46' W., distance 935 miles. 

The next is given as a simpler illustration : — 

4. Find the course and distance from the Cape of Grood Hope, 
latitude 34° 22' S., longitude 18° 24' E., to the Falkland Isles, 
latitude 52° 21' S., longitude 59° 18' W., by Mercator*s sailing. 

DiflF. lat. M. P. Diff. lon. 

Lat. of Cape of Good Hope, 34° 22' S. 2198 Lon. 18° 24' E. 
„ Falkland Isles, 52° 21' S . 3699 „ 59° 18' W . 

• 17** 59* 1501 77° 42' 

60 60 



1079 S. 4662 W. 

Tan C = ^' ^^''^- 

M. D. of lat. Dis. = difif. lat. x Sec. C. 

Log. 4662 3*668572 Log. 1079 3033021 

Log. 1501 3*176381 Log. Sec. 72** 9'... 10*513533 

Log. Tan. 72° 9' .. 10*492191 Log. 3520 3*546554 

Ana True courpe, S. 72* 9' W. ; distance, 3520 miles. 

By middle latitude sailing the answers were — 

True course, S. 72° 20' W. ; distance, 3588 miles. 

5. Find the course and distance by Mercator's sailing from C. 
Farewell, latitude 59° 49' N., longitude 43° 54' W., to C. Wrath, 
latitude 58° 38' K, longitude 4° 67' W. 

Diff. lat. i)iff. lon. 

• Capo Farewell, lat. 59' 49' N. 4505 lon. 43° 54' W. 

Cape Wrath, „ 58° 38' N. 4367 „ 4° 57' W. 

1" 11' 138 38° 57' E. 

60 60 



71** S. difif. lon. 2337 E. 
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Tan. C. = ^^- ^^°' dist. = diff. lat. x Sec. course. 

MDoflat. 

Log 2337 3-368659 Log 71 1-851258 

Log 138 2-139879 Log sec. 86" 37... 11 -229030 

Log tan. 86*^37' 11*228780 Log 120*3 3080288 

Ans. Course S. 86° 37' E.; distance, 1203. 

If the variation be 43° W., and deviation 9° E., and leeway 2 
pts. with wind from N., find the compass course. 

True course, 86° 37' L of S. 

Variation, .43° O'O r. 

43° 37' 1. of S. 
Deviation, 9° 0' 1. 

62° 37' 1^ of S. 
Leeway, 22° 30' 

Compass course, 75° 7' 01. of S. or S. 75° 7' E. 

These answers will differ a little, according to the tables used. 

6. Find the course and distance by Mercator s sailing from Start 
Point, latitude 50° 13' N., longitude 3° 38' W., to I^hant, lati- 
tude 48° 28' N., longitude 5° 3' W. ? 

Ans. Course S. 27** 58' W., distance 118*8 miles. 

7. In what direction must I place my ship's head, by compass, 
to reach Kinsale light, starting from the Longship's light, the 
variation being 2 pts. W., and deviation f pt. W.? 

Latitude of the Longship's light, 50° 4' N., Ion. 6° 44' W. 
„ Kinsale „ 51° 37' N., Ion. 8° 27' W. 

Ans. Course K 17° 0' 45" W. ; distance 138 8 nules. 

8. What is the course and distance by Mercator's 'sailing from 
Heligoland, latitude 54° 12' K, longitude 7° 53' E., to the Inch 
Cape light, latitude 56° 27' N., lon^tude 2° 23' W. 

Ans. Course N. 68° 57' W.; distance 375*8 miles. 

9. Find the compass course and distance from Plymouth (Pen- 
lee), latitude 50° 19 N., longitude 4° IT W., to Jersey, latitude 
49° 15' N., longitude 2° 2' W., variation 21° W., deviation 7° E. 

Ans. S. 38° 29' E.; distance 105 miles. 

10. What is the true course and distance by Mercator's sailing 
from Cape Verde, latitude 14° 45' N., longitude 17° 32' W., to 
Monte Video, latitude 34° 53' S., longitude 56° 16' W. 

Ans. Course S. 36° 51' W.; distance 3684 miles. 

11. What is the course and distance by a compass with 17° K 
variation and f pts. E. deviation, from Cape Mendocino in latitude 
40° 29' N., longitude 124° 29' W., to the Solomon Isles, latitude 
7° 15' S., longftude 157'' 45' E. 

Ans. Course S. 30° 58' W. ; distance 5177 miles. 

12. Find the course and distance from Valparaiso, latitude 
33° 2' S., longitude 71° 40' W., to Foveaux Straits, latitude 47° 
16' S. , longitude 167'' 16' E. Ans.C.S.SV 14' W. ; dist. 6603 nules. 
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13. By Mercator's sailing find the tme course and distance 
from Cape Horn, latitude 55° 59' S., longitude 67° 12' W., to the 
Cape of Good Hope, latitude 34'' 22' S., longitude 18** 24' K 

Ana. Course N. 70° E. ; distance 3792 miles. 

14. A vessel sails from Bourbon, 430 miles N. by E. : find the 
course and distance thence to Point de Galle, variation of com- 
pass 5° W., deviation 2 pts. W. Bourbon, latitude 20" 62' S., 
longitude 35° 27 E.; Point de Galle, latitude 6° 1' N., longitude 
80° 18' K Ana. Course S. 87° T E. ; distance 2859 miles. 

33. Mercator's Charts. — ^We have now to show how 
Mercator's charts are practically constructed, and why 
they are used by mariners in preference to every other 
kind of map, and then point out a few simple rules to 
guide the student in using them. 

The best way to construct a chart is as follows : — ^First 
draw a line across the middle of the paper, from right to 
left, to represent the equator, E Q. Second, draw a few 
vertical lines at equal distances apart, and cutting the 
equator at right angles at A B, C D, E F, G H, etc., let 
these lines represent the meridians everywhere the same 
distance apart. Third, suppose the meridians we have 
drawn are 10^ apart, or 600 miles at the equator (the 
student may suppose them any distance apart he pleases, 
IS 2^, 3°, etc.) 

Then from 0° to 10° is 600 miles. 
„ 10° to 20° „ 
„ 20° to 30° „ 
,, etc., etc. ,, 

Fourth, go to the table of meridional parts, and as we 
have supposed the meridians are 10^ asimder, we will 
suppose thfi parallels are also 10^ apart, and take out the 
meridional parts for— 

10°= 603 

20°= 1225 1225- 603=622 

30°= 1888 1888-1225=663 

40° =2623 2623-1888=735 

etc., etc., as many as are required. 

Now, take in the compasses 003 parts, remembering that 
from 0° to 10° is 600, .and measure liiem up and down 
from the point E and Q, from E to Z and Y, and Q to S 
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and R; through Z and S and Y and R, draw the lines 
Z S and Y R; we have now the first two parallek, one 
10° N. of the equator, the other 10° S. of the equator. 

For the next two parallels, either measure up and 
down from E and Q 1225 parts (of which 0** to 10° are 
600), or measure 622 up and down from the two lines 
Z S and Y R; through the points thus obtained, draw the 
lines A L and B O, which are the parallels of 20° S. of the 
equator. The next pair of parallels of 30° must be drawn 
at 1888 parts from the equator, or 663 parts from the lines 
A L and B O; unfortunately the page will not admit of 
showing these, or it would be seen how the distances apart 
of the parallels gradually increase. The student must 
not rest until he can readily draw a Mercator's chart. 

The great advantage of Mercator's chart is this, that 
if you draw a line from any one place to another, the 
angle at which that line cute the meridian is the course 
from the one place to the other. 

Let M be one place on the earth's surface and N an- 
other. Join them by the straight line M N ; then the 
angle a is the course from M to N, and h the course from 
N to M. 

The master of the vessel generally has a large parallel 
ruler, which he places on the two places, and then moves 
the ruler up to the centre of the compass, of which there 
are generally more than one marked on the chart. As soon 
as he has his parallel ruler on the compass, he sees in a 
moment what the course is, as the ruler is pointing in 
that direction. 

Another advantage is this: that you can tell with a 
pair of compasses in a moment what is the distance 
between two places. Suppose c is the middle point of 
MN. Carry point c to the side of the chart; then 
measure half the length of M N up and down from this 
point, when the number of degrees lying on the meridian 
between the two pointe thus found will give the distance 
between the two places when brought into nautical miles. 
The latitude of a place is found by simply bringing the 
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eye in a line from the place to the side of the chart, and 
the longitude by bringing the eye straight down to the 
bottom or up to the top of the chart. 

15. Explain the principles of Mercator's chart popularly, as 
to an elementary navigation class (1861). Describe a Mercator's 
chart (1863). 

16. Eequired the compass course and distance from A to B. 
Lat. A SS*" 40' ) T^ . ^^^ „ j^ . Ion. A 29"* 30' ) ^ ^,ftp«. 
Lat. B5r5(y\^'' ^^- ^^ ■^' ' Ion. B 32° 15' \ ^' <^^^'- 

Compass course, N. 51° 49' 30" W. ; distance, 158*6 miles. 

17. Explain how to draw a Mercator's chart, and show how to 
find the latitude and longitude of a place on the chart (1864). 

18. Write down the formulae used in Mercator's sailing. Find 
the true course and distance from A to B (1864). 

Lat. A 27° 18' N. ; Ion. A 3° 15' W. 
Lat. B 15° 16' S. ; Ion. . B 27° 3' W. 

Am. S. 28° 38' W. ; distance, 2910 miles. 

19. Required the compass course and distance from A to B. 
Lat, of A 37° 27' N. ; var. 2 pts. E. ; Ion. A 54° 19' W. 

Lat. of B 14° 17' S. ; dev. 1° 50' E. ; Ion. B 30° 15' W. (1865). 
Ana. Compass course, S. 48° 8' E. ; distance, 3392 miles. 

20. Show how to calculate approximately a table of propor- 
tional parts. 

Given the meridional parts for 28° =1741'. 
Calculate the meridional parts for 28° 15'. (1865). 
The first part of the question is answered in any book 
on trigonometry; but if we show how this problem is 
done, that will answer the question sufficiently. 

The meridional parts for 28° (or 28x60=1680') being 1741; 
what is the meridional parts for 28° 15' or 1695'. 

As 1680 : 1695 : : 1741 
or, as 112 : 113 : : 1741 

113 

5223 
19151 

112)196733(1756, Ans, 
112 

847 
784 

633 
560 

733 
672 

61 
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This is not strictly accurate, but near enough for the 
purpose required, and is what the examiner asks for. 

21. Explain how a Mercator's chart may be constnicted, and 
show how to find the course and distance from two points on it 
(1866). 

Find the compass course and distance between A and B. 

Lat. A 33° 18' S. ; Ion. A 72° 0' W. ; var. 16° 0' E. 
Lat. B 42° 3' S. ; Ion. B 173° 30' E. ; dev. 9° 25' E. (1870). 
Atis. Compass course S. 69° 5' W. ; distance 5461 miles. 

22. What is meant W Mercator's projection and meridional 
difference of latitude. Given meridional parts for lat. 35° =2233; 
find by calculation meridional parts for 36° 18' (1860). 

^718 2261 

23. A ship in lat. 13° 5' N., Ion. 37° 18' W., is to make a point 
of land in lat. 33° 10' N., Ion. 64° 33' W. ; find the compass 
course she must steer and the distance. Given variation 1^ points 
W., deviation 8° 12' W. (1867). 

Am. Compass course, N. 21° 21' 30" W.; distance 1534 miles. 

24. What do you mean by meridional parts ? What is the 
mer. diff. lat. of two places whose latitudes are 12° 18' N. and 
8° 12' S. respectively (1867) ? Ana. 1238. 

26. What are the compass course and distance between New 
York and Cape Falmas ? Given : 

New York, ... lat. 40° 40' N. ; Ion. 74° 0' W. ; var. UW. 
Cape Pahnas, lat. 3° 68' N. ; Ion. 7° 22' W. ; dev. 7^ W. 
(1871). Ans. Comp. course S. 34° 3' 30" E. ; dist. 4246 miles. 

26. Fiad the course and distance from A to B. Given : 

Lat. A 63° 18' S. ; Ion. A 76° 14' E. ; var. IJ E. 

Lat. B 56° 25' S. ; Ion. B 78° 13' E. ; dev. 8° E. (1872). 

Ans. Course S. 42° 13' 46" E. ; distance, 199-2 miles. 

27. Define the f ollowiug terms in navigation : Course, depar- 
ture, meridional difference of latitude, difference of lonintude 
(1864). 

Prove Tan. course = ^^- ^^^g' ,.^^^, 

mer. diff. lat. (1864). 
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34. A MERE elementary explanation of Groat Circle 
Sailing will be given, that being all that is required in 
this stage of the subject. 
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It is generally advantageous for a ship to reach her 
port by the shortest route she can, although in some cases 
ships go hundreds of miles out of their course to meet a 
favourable current of wind or water. The distance, or 
rhumb line, as shown on a Mercator's chart, though 
always a sure way of reaching a ship's destination, is not 
always the shortest. The least distance between any two 
places on the earth's surface is the arc of a great circle 
lying between them; consequently all rhumb lines 
described in sailing from one place to another are longer 
than the arc of the great circle passing through the two 
places, except, of course, in the two cases where the 
rhumb line happens to coincide with the great circle, 
viz., when she sails on the equator, and when she goes 
due north or south on a meridian. 

A great circle has been previously defined as one that 
divides the sphere into two equal parts. 

That the course of a ship may be known, she must 
continue in one direction for some time, and while it con- 
tinues in this one direction its track is a rhumb line. It 
is impossible to keep the ship exactly upon any assigned 
line which is not a rhumb Ime, so that a ship cannot be 
made accurately to describe a great circle upon the sur- 
face of the globe, except, as was hinted before, when she 
sails due E. or W. on the equator, or N. and S. on a 
meridian. But although the ship cannot be kept exactly 
upon any given great circle, she may be continually 
brought near it, and kept near it, so as sufficiently to 
answer the end and aim of great circle sailing. In fact, 
by continually paying attention to the course, and keep- 
ing as near as possible to the great circle, the course of 
the ship may be said to describe part of a polygon, with a 
large number of sides within the arc of the great circle. 

It has been shown that the sailings depend upon the 
solution of plane triangles, but great circle sailing depends 
upon the solution of right-angled and oblique-angled 
spherical triangles, chiefly the latter; and were it not 
that it is made subservient to nautical purpose, the solu- 
20 E H 
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tion of such problems would belong to Spherical Trigono- 
metry, and not to Navigation. 

On a large globe it is very easy to mark out the great 
circle between two places, and to find their distance 
asunder by so moving the globe as to bring the two places 
to the wooden horizon; when in this position we can 
observe how the great circle track Kes; we may also 
notice that the great circle does not meet the meridians 
at the same angle ; it is this that renders it necessary to 
continually alter the course in great circle sailing, and 
also makes it impossible for a ship to remain for any con- 
tinuous length of time on the great circle. 

Mathematically, it is a very difficult problem to show 
that the arc of a great circle is the shortest route between 
two places; but, mechanically, it is easily done by 
stretching a fine string from one place to the other when 
they are brought to the wooden horizon. If we turn up 
the places and make trials with the length of string thus 
obtained, by stretching it in various positions between 
the two places, we shall find it is the shortest line. 

E . Again, by examining this 

simple figure we may see that 

the lai'ger the radius of the 

circle the shorter the curve 

C/l \J> lying between the two points C 

-A and D. Hence as a great circle 

is the largest that can be drawn 

•31 on a sphere, its arc must be 

the shortest route between any two places. 

Let A be the centre of the arc C E D passing through 
C and D. Let B be the centre of the arc C F D passing 
through C and D. 

It is at once obvious that the arc C F D of the larger 
circle is the shorter distance between C and D, and fiie 
larger the radius B D, the neai^er C D approaches to a 
straight line, the shortest distance between two places. 

Define a great circle and smaU circle of a sphere, giving ex- 
amples of each (1S70). 
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CURRENT AND OBLIQUE SAILING. 

36. A Current is a body of water (or air) flowing 
steadily in a certain direction. 

The set of a current is the direction in which it is 
moving. 

The drift of a current is the rate at which it moves. 
A ship may sail with the current, or against it, or ob- 
liquely to it. When a ship sails with a current, her 
motion is evidently increased by the whole drift of the 
current, and her run is equal to the simi of her own 
proper motion and that due to the drift of the current; 
but when she sails against the current her motion is 
diminished by its drift, and the run of the ship in the 
given time is equal to the difference between her own 
proper motion and the current's drift. Wheh the ship 
sails obliquely to the current, the current will retard or 
accelerate the motion of the vessel according to the direc- 
tion of the current in proportion to the angle at which 
the direction of the ship's head lies across it. The ship 
will sail along the diagonal of a parallelogram, of which 
the force or rate of the current forms one side, and the 
proper velocity of the ship the other. 

A simple practical method of finding the set and drift 
of a current is to get into a boat, and, having rowed a 
short way from the ship, let fall a small anchor or heavy 
weight, this will keep the boat still ; next throw over- 
board the log and log-line, the rate at which the line runs 
out will be the dryft of the current, and the direction 
(taken by a small boat compass) will be its set. 

36. Oblique Sailing. — It is sometimes foimd advan- 
tageous by those who possess the requisite knowledge, to 
solve a few of the problems in Navigation by the ordi- 
nary rules of Trigonometry. This is generally termed 
oblique sailing. A vessel in the open ocean out of sight 
of land can seldom or never make use of the rules of 
oblique sailing ; but in coasting, in approaching the land, 
islands, shoals, etc., oblique saUing is of assistance in a 
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variety of ways. They are really trigonometrical problems, 
and that of itself is a sufficient reason for not entering 
more fully into the matter here. 

1. My ship sails for 12 hours on a S. by W. coarse 7 miles an 
hour in a current setting E.N.E. 3 miles an hour, required her 
true course and destination. 



Counea. 


DiBt 


DiflF. lat. 


Depart ore. 


N. 


8. 


E. 


W. 


S.byW. 

E.N.E. 


84 
36 


13-8 


82-4 


33-3 


16-4 




13-8 


82-4 
13-8 


33-3 
16-4 




68-6 


16.9 



Ana, Course, S. 14° 16' E. ; distance 70 '8 miles. 

Here, it will be noticed, that the problem consists of 
two courses and distances, so a small traverse is made, 
and the answer obtained in the usual way. 

2. A ship sails N.N.E. for 5 hours 4 miles an hour, while a 
currents sets her N. W. one mile an hour, what is the true course 
and distance she made ? 

This question, although it may be solved by trigon- 
ometry, is a simple problem. We have simply two courses 
and distances to resolve into one course and distance. 



« 

Courses. 


Dist. 


Diflf. lat. 


Depailnre. 


N. 


8. 


E. 


W. 


N.N.E. 
N.W. 


20 
5 


18-6 
3-5 


- 


7-7 


3-5 




22 




7-7 
3-5 


3-5 


4-2 



t t 



Course is IT. 11° E. ^ 22 miles. 



CVBBENT AND OBLIQUE SAILINO. 
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3. A ship steams 10 knots an hour, and her compass course is 
S. by W., what is her true course and distance in 4^ hours, a 
current drifting her S. W. |-W. 2J knots an hour ? Variation 2 J 
points E., deviation one first course 4° lO' £., and on current 
course 5° W. 



Ship's Course. 
Compass,. .ir 15' 0" r. of S. 
Variation, .28^* T W r , 

39'' 22' 30" r. 
Deviatio n,. 4° 10' 0"' r. 

43° 32' 20" r of S. 
or S. 44° W. 



Current Course. 
S.W. f-W. =63° 26' 15" r. of S. 
Variation, 28° r30"' r. 

81° 33' 45" r. of S. 
Deviation, 5° 0' 0"L 

76° 33' 45" r. of S. 
or S. IT W. 



Courses. 


bist. 


Diff. ]at. 


Departare. 

• 


N. 


8. 


E. 


W. 


S. 44' W. . 

s. 7rw. . 


45 
101 


• 


32 4 
2-3 




31-3 
9-8 

411 


34-7 



Ans. Course S. 50° W. ; distance 54 miles. 

4. In sailing down channel I observed the Start bearing due 
N., the ship then sailed S.E. for 12 miles, I then observed that 
the Start bore N. W. by N. : find the distance from the Start at 
each observation. 

Let S be the Start Point; B the position of the ship 
at the first observation. Let the slup sail from B to A 
12 miles; then the Start bears N.W. by N., or lies in 
the direction of the line AS. 

ZBAD= ABE=4 pts. •. • ship sails S.E. 

ZEAS = 3 „ •. • the Start bears N.W. by N. 

. '. ^BAS is one point, 
and ^ABS is evidently 12 pts 
. *. ^BSA is three points. 

Since 

Sin. SAB_BS_BS_ Sin. 1 pt. 
Sin. BSA AB 12 Sin. 3 pts. 

• BS = 1?-^L§P-JLP*' 
Sin. 3 pts. 
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Again 



Log 12 1-079181 

Log sin. 1 pt. .. 9-2902 36 

10-369417 
Log sin. 3 pta. 9744739 

Log 4-213 0-624678 

Sin. ABS _AS_AS_ SiiL 12pt8. 
Sin. ASB AB 12 Sin. 3 pts. 
.-. Ag- 12xSin. 12 p ts. 
Sin. 3 pts. 

Log 12 1079181 

Log sin. 12 pts. (4 pts.) 9849485 

10-928666 
Lo g sin. 3pts 9-744739 

Log 15-27 1-183927 




At tli0 first bbservation the ship is 4*213 miles front 
the Start, at the second 15*27 miles^ 

5. From my ship a cape bore S.S.E. 4 miles away, t then 
sailed on a certain course and distance between S. and E. till 
the same cape bore W.S.W. 3 miles away: find my conrse and 
distance. Ana. Distance 5 miles, course S. 59" 22' E. 

6. Plymouth breakwater light bore from a yacht S.S.W. 3 
iniles distant, it then sailed 5 miles S. : find the oearing and dis- 
tance of the light at the second observation. 

Ans. W.N.W. distance 4 miles. 
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7. A point bears N. W. by W., I sail directly to the point, find- 
ing the distance 4 miles, the vessel is then put on a N.E. by N. 
course for 3 miles : what is now the distance from, and course to, 
the starting point? Ans, S. 19° 23' E. ; distance 5 miles. 

8. Coastmg along the shore of the Isle of Wight I saw St 
Catherine's point bearing from me N.E. by N., then I stood 
away N. W. 20 miles, and observed the point bearing from me 
E.N.E. : required the distance of the ship from the cape at each 
station. Am, 33*26 and 35*2. 

9. At noon a headland bore N.W. by W., then we sailed 
N.N.E. 5 miles an hour, and anchored at 9 in the evenilig on a 
bank 54 miles from the headland : required the distance of the 
headland from the ship at noon, and its bearing from the bank. 

Am. 39*9*nules; S. 68'56'W., about W.S.W. J-W. 

10. Being out at sea in sight of land I observed two headlands, 
one bearing N. by W., the other N.W., taking up the chart I 
find they are 12 miles apart, and bear E.N.E. &om each other: 
find the distances of the ship from the two headlands. 

Ans. 21*18 miles from one, and 15*27 miles from the other. 

11. A ship steams 11 knots an hour, and her apparent course 
is W. by S. : what is her true course in 4f hours, suppose a 
current drifting N. N. E. 2 knots an hour (1863)? 

^iw.N.88i°W. 

12. In sailing down the channel I observe the Eddystone 
Lighthouse due N., after sailing S.W. for 8 miles I observe it 
again, and find its bearing N.NTE. :* what was its distance from 
me at each of the observations (1865) ? 

Ans, 8 miles, and 14*78 miles. 

13. How is the effect of a current allowed for ? A ship sailing 
4 hours on a corrected course S.E. J-E. over an apparent distance 
of 75 miles is set during the time by a current E. by N. by the 
compass 4 miles an hour, deviation 8° 15' E. : what are the true 
course and distance (1867)? Am, S. 57* E., 87 miles. 

* I have corrected a miBprint here, and written N.N.E, for E.N.E. 
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General Instructions. 

You are only permitted to answer questions fix)m the 
Elementary Paper or from the Advanced Paper, but not 
from both. If the rules are not attended to, the paper 
will be cancelled. 

In all cases the number of the question must be placed 
before the answer on the worked paper. 

The value attached to each question is shown in brackets 
afber the question. But a full and correct answer to an 
easy question will in all cases secure a larger number of 
marks than an incomplete or inexact answer to a more 
difficult one. 

Three howra a/re allowed for this paper. 



HBST STAGE OR ELEMENTARY EXAMINATION. 

Instructions. 

You are only permitted to attempt eight questions, 
viz., four out of each of the sections into which the paper 
is divided. 

Section L 

I. Define rJitmb line. What is the name given to the angle 
which a rhumb line makes with a meridian? 

A ship is sailing N.E.J-K, and the direption of the head is 
changed by US'* through the North; what is the new course ot 
the snip in points to the nearest quarter? (12^). 
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2. What are the several corrections to be applied to the 
apparent to obtain the true course? 

Correct the following courses : — 

Apparent Variation of variation. ^^'^^ Leeway. 
Course. the compass. »*"*•»'*"". ofwind. •' 

(1) N.W. IJpts. E. 10' W. N.N.E. 2i pts. 

(2) S.W.J-W. 2 pts. W. 4i°W. S.S.E. 1^ pts. 

(3) N. IJpts. E. irE. S.byE. pts. 

(4) S.byE. li pts. E. 3° E. W.S.W. If pts. (12i). 

3. Explain the method of swinging a ship for the purpose of 
making tables of deviation. The s^dara compass on board 
marks S.W.J-W.; and that on shore N.E.byE.i-E. What is 
the deviation? (12^). 

4. Prove that the arc of a parallel of latitude is equal to the 
corresponding arc of the equator multiplied by the cosine of the 
latitude. (12i). 

5. Define the terms departure, nautical distance, true diff. lat. 
and diff. Ion., and shew that departure = true difif. lat. x tan. 
course. (12^). 

6. Describe the log, and explain its use. Supposing the nautical 
mile to be 6080 feet, and the glass to run out m 30 seconds, what 
is the corresponding length of the knot? (12^). 

Section II. 

7. In sailing on a parallel of latitude I find the distance actu- 
ally made good is 38 nautical miles, while I have changed my 
longitude by one degree, on what parallel am I sailing? (10). 

8. A ship sails from lat. 38* 4' N., S.E.byS., till her departure 
is 50 miles ; required the distance she has sailed, and her lati- 
tude. Construct a figure. (10). 

9. Find the compass course and distance from A to B. Given : 

Lat. A 36' 18' N. ; Ion. A 45" 18' E. ; var. of compass j pt. E. 
Lat. B 13" 27' N. ; Ion. B 45° 18' E. ; dev. 4" E. (124). 

10. A ship is in lat. 45° 18' S., Ion. 44° 25' E., and sails in a 
W.S.W. direction until she is in latitude 47° 14' S., required the 
distance run, and the departure. (10). 

11. A ship is in lat 38° 44' N., Ion. 18° 33' W., and sails by 
compass E.N.E. 70 miles ; required the latitude and longitude in, 
given variation of compass f pt. W., deviation 8° E., leeway 1 pt., 
direction of wind E. S. E. (12i). 

12. A ship saUs from lat. 51° 25' N., Ion. 8° 12' W., S.S.E. 30, 
E.byS. 18, S.W.byW. 36, W. f N. 14, and S.E.byE. J E. 46 
miles ; required the equivalent course and distance, and the lati 
tude and longitude of the place arrived at. (15). 
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ANSWERS TO FOEEGOIKG PAPER. 

1. A rhnmb line is the track of a ship, or see p. 102. The 
angle which it makes with the meridian is called the course. 

If the ship is sailing N.E. |-E., and the direction of her head 
is changed oy 118"^ tm>ough N., the new coarse will be found 
thus: 

N.E. i-E. is 4i or 63" 26' 15", this taken from 118" leaves 

118° (y 0" 
63° 2& 15" 

N. 64° 33' 45" W. 

or about N.W.byW.j-W. 

2. The several corrections to be applied to the apparent or 
compass course are — 

1. Variation ) Easterly is to be applied to the right. 

2. Deviation { Westerly is to be applied to the left. 

3. Leeway from the wind. 

The courses are corrected thus : 

1. N. W. or 45° 0' 0" 1. of N. 2. S; W.J-W. is 50° 57' 30" r. of S. 

Variation... 22° 30' 0" 1. 



Variation 19° 41' 15" r. 

25° 18' 45" 1. of N. 
Deviation 10° 0' O^' l. 

35° 18' 45" 1. of N. 
Leeway.. . 28° 7' 30"' 

True C. N. 63° 26' 15" W. 

3. N 0° 0' 0" 

Variation 14° 3' 45" r. 

14° 3'45"r. ofN. 
Deviation 11° 0' 0" ' r. 

25° 3' 45" r. of N. 

True O.N. 25° 3' 45" E. 



28° 27' 30" r. of S. 
Deviation... 4° 30' 0" L 

23° 57' 30" r. of S* 
Leeway...... 19° 41' 15" 

True course S. 43° 38' 45" W. 

4. S.byE. is.... 11° 15' 0" L of S. 
Variation... 16° 52' 30" r. 

5° 37' 30" r. of S. 
3° 0' 0"r. 



Deviation 



Leeway. 



8° 37' 30" r. of S. 
19° 41' 15" ' 



True course S. 11° 3' 45" E. 

3. The method of swinging a ship to make a deviation table is 
fully explained on page 18. 

If the standard compass on board marks S.W.J-W., and that 
on shore N.E.byE.J-E„ the deviation is found thus: 

Invert S. W.^-W. it is N.E. J-E. (Con^ass beistring.) 
The shore compass is N. E. by E. i-E* (True bearing. ) 
The difference is 1 point. 
And because the true is to the left of the compass the deviation 
is 1 point W. 
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4. Hiat the arc of a parallel of latitude is ^qual to the corre- 
sponding arc of the equator, multiplied by the cosine of the 
latitude, has been proved in parallel sailing, page 87, where it is 
shown that 

M=LCos. lat. 

5. Departure is the perpendicular distance between the meri- 
dian left and the meridian arrived at in nautical miles. 

Nautical distance is the number of nautical miles a ship has 
gone in any direction. 

True difference of latitude is the number of nautical miles a 
ship has gone due north or south. 

Departure-— true diff. of lat. xTan. course* 

This is proved from previous figures. 

Tan.C. = ^JL- . ^^P- 
CF - diff. lat. 

. *. dep = diff. lat. x Tan. course; 

6. On pages 41-47 the log has been described, and its uses 
illustrated. 

If the nautical mile is 6080 feet, and the glass runs out in 30 
seconds, the corresponding length of knot is thus found x 

As 3600 sec. : 30 see. : : 6080 ft. 

30 

3600)182400(503 feet^ 
180 

36 

Ana, 50| feet long is the knot; 

7. This is a tiase in parallel sailing where 

M=LCos. 1. 
by qUestidn M=38 mil^s. 

„ L=60tnilesor r. 

We have to find L 

3^ = 60 X dos. 1; 

...Cos.1. =1 

IiOg38 = 1-579784 

Log 60 = 1*778151 



Log Cos. 60° 42' = 9 801633 

Ans. The ship was in lat. 60** 42^ 

8. If a ship sail from lai 38^ 4' N., BM.hf S.» till W depai^^ 
ture is 50 nmes, the distance she ssoled and her latitude are 
found thus : 
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(1) Go to the traverse table, and with 3 points as a course find 
departure 50 in its proper column ; we see that 

Diff. of lat. is 74 '8 and dist. 90 miles. 
Latitude from is 38' 4' 0" N. 
Difif. of latitude is V I4f 4S" 8 . 

Latitude in is 36° 4^ 12" N. 

(2) It may be worked thus, constructing figure on page 
with NSEW and triangle C D G. 

Sin. Course = ^ = ^,T^" Cos. C. = g^ = ^' ^^ ' 

CD distance CD dist. 

.-. Sin.3pts. = ^ 

dist. 

.'. dis.... = 50xCosec. 3 pts. .'. diff.lat. = dis. Cos. C. 

Log. 50 = 1*698970 Log. dis = 1-954231 

Cosec. 3 pts. =10-255261 Cos. C = 9-919846 

Log. dis. 90 = 1-954231 Log. diff. lat. 74-83 = l-87407r 
Latitude in is found as before. 

9. To find the compass course from A to B, we must first 
notice the latitudes and longitudes. By examining them we find 
that the lon^tudes are the same, or the ship neither goes east 
nor west, wmle the latitudes vary, or the ship goes southwards 

From 36" 18' N. 
To 13° 27' N . 

22 51 S. 
60 

Distance 1371 miles. 
To find compass course — 

True course is 0° 0' 0" N. 

Variation, E. 8° 26' 15 ^ 1. 

8° 26' 15" 1. of N. 
Deviation, E. 4° 0' 0" 1. 

Compass course N. 12° 26' 15" W. 

10. If a ship is in latitude 45° 18' S., Ion. 44° 26' E., and sails 
W.S. W. until she is in latitude 47° 14' S., she has gone southwards 

From 45° 18' S. 
To 47 ° 14' S . 

1°56' 
60 



Difi'. lat. 116 miles. 
With difference of latitude 116 miles, and course W.S.W., or 
6 points rieht of S., the departure and distance, as found in the 
traverse tables, are 

280 departure, 303 distance. 
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By calculation we get them thus — 

Cos. C=^i*^ Sin. C=^?& 

dist. dist. 

. •. dis. =diff. lat. x Sec. 0. . •. dep. =dist. x Sin. C. 

Log. 116 = 2064468 Log. dis = 2-481618 

Log. Sec. 6 pts. - 10-417160 Sin. C = 9-9 65615 

Log. dis. 3031 = 2-481618 Log. dep. 280 = 2-447233 

Ana. Dep. 280 miles; distance 303 miles. 

11. We must here first find the true course from the compass 
course, and then the difference of latitude from which the mid- 
latitude can be found, with which and the dejparture also to be 
sought the difference of longitude may be obt^uned. 

To find Course — 

Compass Course. ... 67** 30' 0" r. of N. 
Variation 8° 26' 15'' 1. 

69'' 3' 45" r. of N. 
Deviation 8" 0' 0"r. 

67" 3' 45" 
Leeway, 11° 1 5' 0^' 

True course, N. 05" 48' 45" E. 

To find diff. lat.— To find dep.— 

Cos. C=^i^- Sin. C = 4^- 

dist. dist. 

Log. dis. 70 1-846098 Log.70 1-845098 

Cos. 55° 48' 45" 9-749662 Sin. 55° 48' 45 9-917612 

39-33 m 1-694760 57*9 m 1762710 

Latitude. Mid-latitude. Longitude. 

Lat. from 38° 44' 0" N. 38° 44' 0" Lon. from 18° 33' W. 
Dif f. lat. 0° 39' 19" N . 39° 23' 19' Diff. lon. 1° 32' E . 

Lat. in ... 39° 23' 19* N. 2) 78° 7' 19'" Lon. in. ... 17° 1' W. 

39° 3' 394" 
90 

51° 

With co-mid-lat. 51° as a course, we go to the traverse tables 
and find departure 57 '9 in its proper column ; opposite to it in the 
distance column is 92' ; this is the difference of lon. 1° 32' which 
we have applied to find longitude in. 
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12. This is a traverse, and we i^esolve it thus 



Courses. 


Dist. 


Diff. lat. 


Departure. 


N. 


S. 


E. 


W. 


S.S.E. - - - 2 pts. 
E.byS.- - - 7 pts. 
S.W.byW. - 5 pts. 
W.f-K - -7Jpts. 
S.E.byE. J-E. 5j pts. 


30 
18 
36 
14 

46 


21 


27-7 
3-5 
20 

23-6 


11-5 
17-7 

39-5 


29-9 
13-8 


21 


74-8 
21 


68-7 
43-7 


43-7 






72-7 


25 





From the tables this corresponds to a 

Course, S. 19" E. ; distance, 77 miles. 



Latitude. Mid-latitude. 

Lat. from 5r 25' 0" N. 6r 25' 0" 
Di ff. lat. 1° 12' 42" S . 50" 12' 18" 

Lat. in... 50" 12' 18" N. 2)101" 37' 18 " 

51" 
90 



Longitude. 
Lon. from 8" 12' W. 
Di ff. Ion. 0" 40' E. 

Lon. in.... 7"32' W. 



39" Co-mid-lat. 
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